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PREFACE   TO   THIRD   EDITION. 


The  necessity  for  printing  a  third  edition  of  this  book  at  the 
present  time  has  afforded  an  opportunity  to  make  certain  changes, 
particularly  in  the  illustrations,  which,  while  minor  in  one  sense, 
yet  enhance  the  usefulness  of  the  book  as  well  as  its  appearance. 

On  account  of  certain  difficulties  in  reproduction  some  of  the 
half-tone  photographs  did  not  come  up  to  the  author's  expecta- 
tions, and  these  have  been  replaced  by  line  drawings  which  not 
only  Represent  in  detail  the  external  morphological  characters, 
but  the  internal  structure  as  well,  and  thus  serve  for  the  identifica- 
tion both  of  the  plants  and  the  crude  and  powdered  drugs  derived 
from  them. 

Owing  to  the  interest  which  centers  in  the  solanaceous  drugs 
at  present,  several  new  illustrations  showing  the  distinguishing 
characters  of  both  the  drugs  and  plants  have  been  added.  Of 
the  new  illustrations,  the  following  may  be  mentioned :  Rhizome 
and  Leaves  of  Scopola,  the  Root  and  Leaves  of  Phytolacca,  the 
Root  and  Leaves  of  Inula,  the  Flowering  Tops  of  Hyoscyamus 
muticus,  Spigelia,  Matico,  Protein  Crystalloids,  Plant  and  Animal 
Fibers,  Various  Starches  as  Viewed  under  Polarized  Li^t. 
Altogether,  50  half-tones  have  been  replaced  by  as  many  plates, 
including  about  600  figures. 

In  addition,  some  of  the  results  of  research  published  during 
the  past  year  have  been  included,  and  the  part  on  Reagents  and 
Micro-technique  has  been  considerably  extended,  particularly  with 
a  view  of  helping  the  practical  worker  as  well  as  student. 
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PREFACE. 

OwaxG  to  the  role  played  by  vegetable  substances  in  the  treat- 
ment of  disease,  pharmacognosy  takes  rank  as  one  of  the  most 
important  divisions  of  applied  botany.  It  is  generally  understood 
lo  treat  of  the  external  characters,  gross  structure,  histology,  and 
chemical  constituents  of  the  plant  parts  used  in  medicine.  In 
a  broader  sense  it  also  implies  the  study  of  plants  themselves,  of 
systematic  botany,  and  of  plant  chemistry  (phyto-chemistry). 
Furthermore,  when  the  factors  which  influence  the  formation  of 
the  active  principles  in  plants  are  taken  into  consideration,  the 
Lsobject  is  seen  to  have  a  relation  to  plant  physiology  on  the  one 
hand  and  to  plant  culture  on  the  other. 

This  work  is  divided  into,  three  parts.    Part  I  comprises  five 

chapters,  and  is  devoted  to  a  consideration  of  the  distinguishing 

,  cliaracters  of  the  main  groups  of  plants,  from  the  lowest  to  the 

highest;   (2)  the  anatomy  or  outer  structure  of  the  Angiosperms 

I  (or  so-called   Flowering  Plants);    (3)  the  inner  structure  or 

i  histology  of  the  higher  plants,  including  the  eel  I -contents ;    (4) 

ia  classification  of  the  Angiosperms  yielding  vegetable  drugs  and 

(other  useful  products,  together  with  concise  descriptions  of  the 

plants,  as  also  of  the  non-official  drugs  derived  from  them,  and 

(5)   the  subject  of  the  cultivation  of  medicinal  plants. 

Part  n  comprises  two  chapters,  one  devoted  to  the  crude 

drugs  official  in  the  United  States  Pliarmacopceia,  including  a 

few  non-official  drugs,  and  another  which  treats  of  tlic  subject 

I  of  powdered  drugs  and  foods.    The  latter  is  designed  not  only 

for  the  use  of  students  but  also  to  furnish  assistance  to  food  and 

[drug  analysts  in  identifying  and  estimating  the  quality  of  vege- 

rtable  powders,  and  includes  a  description  of  the  distinguishing 

histological  elements  of  over  two  hundred  food,  spice  and  drug 

products,  together  with  directions  for  making  examinations  of 

materials  of  this  kind. 

In  Part  TIT  are  given  the  variotis  classes  of  reagents,  together 
with  the  technique  involved  in  sectioning  and  the  mounting  of 
specimens.  In  addition  various  tests  are  given  in  connection  with 
different  subjects  in  other  parts  of  the  book. 
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PREFACE. 


The  work  is  illustrated  throughout,  and  the  student  is  advised 
to  consult  the  illustrations  freely,  not  only  on  account  of  their 
value  in  elucidating  the  descriptions,  but  also  because  the  legends 
contain  information  which  in  some  instances  supplements  that 
given  in  the  text. 

It  should  be  stated  that  a  large  proportion  of  the  illustrations 
are  reproductions  of  photographs  and  drawings  made  by  the 
author,  and  that  in  all  cases  where  illustrations  are  borrowed, 
credit  is  given  each  author  in  connection  with  the  reproduction. 

One  of  the  most  difficult  questions  which  arises  in  writing 
a  work  of  this  kind  is  that  relating  to  nomenclature.  Owing  to 
the  desirability  of  maintaining  a  stable  nomenclature,  particularly 
for  medicinal  plants,  the  author  has  adopted  a  rather  conservative 
course  and  has  been  largely  guided  by  Engler  &  Prantl  and  Index 
Kewensis,  or,  in  the  case  of  plants  growing  in  the  United  States, 
the  names  given  in  Britton's  Flora  may  have  been  employed. 

Among  the  works  consulted  by  the  author,  and  of  which  special 
mention  should  be  made,  are  the  following:  Organography  of 
Plants  by  K.  Goebel  (English  translation  by  Isaac  Bayley  Bal- 
four) ;  The  Physiology  of  Plants  by  W.  Pfefifer  (second  revised 
English  edition  by  Alfred  J.  Ewart) ;  Die  Heilpflanzen  by  Georg 
Dragendorff;  The  Volatile  Oils  by  Gildemeister  &  Hoffmann 
(English  translation  by  Edward  Kremers)  ;  Die  Pflanzen* 
Alkaloide  by  Jul.  Wilh.  Bruhl,  E.  Hjelt  and  O.  Aschan. 

Grateful  acknowledgment  is  also  made  to  the  following  pub- 
lishers for  permission  to  reproduce  illustrations  from  the  works 
mentioned.  Wilhelm  Engelmann,  of  Leipzig:  Die  naturlichen 
Pflanzen-familien  by  Engler  &  Prantl.  Gebriider  Borntraeger, 
of  Berlin :  Handbuch  der  systematische  Botanik  by  E.  Warming. 
Weidmannsche  Buchhandlung,  of  Berlin :  Wissenschaftliche 
Drogenkunde  by  Arthur  Meyer.  Gustav  Fischer,  of  Jena :  Lehr- 
buch  der  Botanik  by  Strasburger,  -Noll,  Schenck  and  Schimper. 

The  author  desires  fully  to  acknowledge  the  services  of  Miss 
Florence  Yaple,  without  whose  painstaking  and  constant  assist- 
ance during  the  course  of  revision,  this  book  could  not  have 
appeared  in  its  present  enlarged  form. 

H.  K. 
April,  1907. 


CONTENTS. 


PART  I.— BOTANY. 
CHAPTER  I.— PRINCIPAL  GROUPS  OF  PLANTS. 

PAGE 
Intkoductory    I 

Thallophytes   8 

Alga   8 

Fungi    i6 

Abchbgoniates 44 

Bryophytes     45 

Hepattcse    (Liverworts)    51 

Musci   (Mosses)    53 

Pteridophytes    55 

Filicales   (Ferns)    57 

Equisetales  (Horsetails)   64 

Lycopodiales  (Club  Mosses)   66 

Spebuophytes  (Seed  Plants)    70 

Gymnosperms   71 

Angiosperms    81 

CHAPTER  II.— OUTER  MORPHOLOGY  OF  ANGIOSPERMS. 

Inisoductory   pi 

The  Root  92 

The  Stem  100 

The  Leaf  106 

The  Flower  121 

The  Fruit 145 

The  Seed  151 

CHAPTER  III.— INNER  MORPHOLOGY  OF  THE  HIGHER 
PLANTS. 

Cell  and  Cell-Contents   156 

The  Cell  Wall  181 

Kinds  of  Cells  184 

Inner  Structure  of  Members  or  Organs 197 

Plant  Metabolism  219 

vii 


viii  CONTENTS. 

CHAPTER  IV.— CLASSIFICATION  OF  ANGIOSPERMS 
YIELDING  VEGETABLE  DRUGS. 

Introductory    223 

Monocotyledons   225 

Dicotyledons 247 

Arcliichlamydea:  or  Choripetalse  247 

Metachlamydeae  or  Sympetalx  355 

CHAPTER   v.— CULTIVATION   OF   MEDICINAL   PLANTS. 

Propagation    404 

The  Collection,  Curing  and  Yield  of  Drugs  406 

Cultivated  Medional  Plants  4fn 

PART  II.— PHARMACOGNOSY. 

CHAPTER  I.— CRUDE  DRUGS. 

Introductory    417 

Drugs  Derived  from  Angiosperms  425 

Seeds    425 

Roots  and  Rhizomes  443 

Barks,  Woods  and  Pith 511 

Flowers    548 

Fruits    5S9 

Leaves  and  Herbs  59S 

Exudations,  Milk  Juices  and  other  Plant  Substances 640 

Drugs  Derived  from  Conifers  6S2 

Drugs  Derived  from  Thallophytes  and  Archegoniates  (S84 

CHAPTER  11— POWDERED  DRUGS  AND  FOODS. 

Introductory    695 

Key  for  the  Identification  of  Powders  702 

Description  of  Powders   714 

PART  III.— REAGENTS  AND  MICROSCOPICAL 

TECHNIQUE. 

Classes  of  Reagents 800 

Making  of  Sections  801 

Form  ul^  for  Reagents  802 

Mounting  of  Specimens 808 

Micrometry  813 

Index    817 


Botany  and  Pharmacognosy. 


PART  I.— BOTANY. 


CHAPTER  I. 

PRINCIPAL  GROUPS  OF  PLANTS. 

INTRODUCTORY. 

There  are  four  main  lines  of  botanical  work  recognized  at 
present, — ^namely,  Morphology,  Histology,  PhysioIog>',  and  Ecol- 
og>'.  Morphology,  which  is  sometimes  referred  to  as  Outer 
Morphology,  is  the  study  of  the  external  forms  of  organs  and 
the  relation  of  these  to  their  functions.  Histology,  which  is 
sometimes  defined  as  Inner  Morphology,  has  to  do  with  the 
minute  inner  structure  of  organs.  Physiology  may  be  defined 
as  the  study  which  considers  the  life  processes  and  the  condi- 
tions which  influence  these.  Ecology  is  the  study  of  the  adapta- 
tion of  plants  and  their  parts  to  external  conditions.  It  is  impor- 
tant to  bear  in  mind,  however,  that  these  several  departments 
are  more  or  less  interdependent,  and  that  one  of  them  cannot  be 
intelligently  considered  without  encroaching  on  the  territory  of 
the  others.  For  instance,  as  Goebel  states,  we  cannot  under- 
stand the  relation  of  the  external  fonns  of  organs  without  refer- 
ence to  their  functions.  In  other  words,  form  and  function  have 
a  direct  relation;  one  influences  the  other.  So,  too,  in  the  study 
of  ecology  we  study  the  influence  of  external  conditions  on 
plants  and  these,  as  indicated  above,  have  a  direct  influence  on 
physiological  processes,  and  thus  the  study  of  ecology  merges 
into  the  study  of  physiology  on  the  one  hand  and  into  morphology 
on  the  other. 

While  this  book  will  deal  chiefly  with  the  structure  of  plants 
and  their  parts,  still  it  will  be  necessary  occasionally  to  refer  to 
some  of  the  characters  of  plants  which  properly  belong  to  other 
departments  of  botanical  study. 


2  BOTANY  AND  PHARMACOGNOSY. 

Basis  of  Plant  Structure. — In  order  to  understand  the  sig- 
nificance and  relation  of  the  various  parts  of  plants  it  is  necessary 
to  know  something  of  their  functions  and  habits  of  life  as  well 
as  of  their  internal  structure. 

If  we  make  a  section  of  a  plant  and  examine  it  by  means  of 
the  microscope,  the  cut  surface  presents  the  appearance  of  a 
network  indicating  that  the  tissue  is  made  up  of  small  compart- 
ments or  chambers.  One  of  these  compartments  together  with 
its  contents  constitutes  the  structure  known  as  the  cell  (see 
Frontispiece). 

The  cell  contents  vary  greatly  in  appearance  and  composi- 
tion, but  in  all  active  or  living  cells  there  is  always  present  the 
substance  known  as  protoplasm.  The  protoplasm  is  the  basis 
of  all  plant  structures  whether  they  belong  to  the  lowest  or  high- 
est forms ;  for  by  its  aid  or  from  it  all  parts  of  the  plant  are 
developed.  Even  the  cell  wall  is  a  product  of  protoplasmic  activity. 
The  protoplasmic  content  of  the  cell  consists  of  several  intimately 
related  but  more  or  less  distinct  portions, — namely,  a  somewhat 
thin,  semi-liquid,  granular  portion  known  as  the  cytoplasm  ; 
a  more  or  less  spherical  body  embedded  in  the  cytoplasm  called 
the  nucleus;  and  frequently,  but  not  always,  certain  small 
bodies  which  are  more  or  less  variable  in  shape  called  plastids, 
these  being  also  embedded  in  the  cytoplasm  (see  Frontispiece). 
The  cytoplasm  and  nucleus  are  sometimes  considered  together 
as  a  unit,  which  is  known  as  the  protoplast.  A  fuller  discussion 
of  the  differentiated  portions  of  the  protoplasm  will  be  found  in 
Chapter  III.    (See  page  156.) 

The  lowest  organisms,  as  the  slime  molds,  do  not  have  an 
enclosing  membrane  but  consist  of  a  naked  mass  of  protoplasm. 
With  this  exception  plants  have  an  outer  wall  or  membrane. 
They  may  consist  of  a  single  cell,  as  in  the  Bacteria,  or  a  chain 
of  cells,  as  in  the  filamentous  Algae,  or  a  mass  of  cells,  as  in  the 
majority  of  plants,  and  are  accordingly  designated  as  unicellular 
or  multicellular.  The  .cell  wall  is  composed  for  the  most  part 
of  cellulose,  but  may  be  modified  in  various  ways. 

Nomenclature. — The  names  for  describing  plants  have  been 
derived  for  the  most  part  from  studies  of  the  higher  plants,  they 
having  exclusively  attracted  the  attention  of  botanists  at  first. 


GROUI'S  UF  PLAx\TS. 


But  with  the  light  which  has  been  thrown  on  the  relationship 
of  the  higher  and  lower  groups  of  plains  by  the  more  recent 
5tn<ly  of  the  lower  forms  the  older  icniiinology  has  twen  somewhat 
modified.  Thus,  for  example,  wc  speak  of  ihe  root  aiul  shoot, 
with  its  leaves,  as  the  vegetative  organs  of  the  higher  plants, 
and  in  describing  the  corresponding  organs  (where  they  exist)  in 
the  lower  plants,  we  either  api>ly  these  terms  directly,  or  indi- 
rectly by  saying  that  the  latter  are  root-like,  stem-like,  etc.  On 
the  other  hand,  we  now  sixsik  of  the  sexual  organs  of  the  higher 
plants  as  antheridia  and  oogonia  (or  archegonia)  instead  of 
classifying  them  roughly  as  stamens  and  pistils,  the  latter  names 
being  retained  but  with  a  different  signification. 

Factors  Influencing  Growth. — IMants  have  certain  inliercnt 
or  inherited  tendencies  or  cliaractcrs  which  make  up  the  itmer 
constitution,  and  this  can  not  be  modified  by  external  agencies 
except  within  more  or  less  narrow  limits.  Depending  upon  tliis 
character  we  find  plants  as  different  in  kind  as  the  apple  tree 
and  pine  growing  under  precisely  the  same  conditions.  In  other 
words,  the  character  of  the  structure  is  dctennincd  in  the  main 
by  the  nature  of  the  organism.  It  is  true  that  an  apple  tree  may 
grow  belter  in  one  locality  than  another,  but  it  is  still  an  apple 
tree  whether  it  be  dwarfed  or  attain  to  the  full  measure  of  it» 
growth.  These  slight  changes  in  the  cliaracter  are  known  as 
accidental  variations.  Frequently  they  arc  the  result  of  tempo- 
rary conditions  and  are  not  repeated  in  the  succeeding  genera- 
tion. On  the  other  hand,  if  the  special  conditions  remain  these 
individual  variations  may  be  repeale<l  in  generation  after  gen- 
eration and  finally  become  permanent  characters. 

The  gradual  change  in  the  structure  and  nature  of  organisms 
which  takes  place  through  long  periods  of  time  is  spoken  of  as 
EVDLL'TiiiN.  In  some  cases  specific  changes  in  the  characters  of 
plants  arise  rather  suddenly  without  any  known  cause  and  such 
changes  are  spoken  of  as  saltations  or  m  irTATios's. 

The  factors  essential  for  growth  in  all  cases  are  food,  water 
and  a  certain  temperature.  Among  the  food  elements  we  may 
mention  as  of  chief  importance,  carbon,  hydrogen,  oxygen  and 
nitrogen.  Some  of  the  other  elements  are  also  essential  to  most 
plants  although  they  occur  in  relatively  small  proportion  in  the 
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plant,  as  potassium,  magnesium,  phosphorus,  sulphur,  iron  and 
calcium.  The  latter  element  does  not  seem  to  be  necessary  to 
the  normal  development  of  some  of  the  Fungi  and  certain  Algae. 

Water  permeates  all  parts  of  the  plant  and  when  the  cells 
are  in  the  normal  turgescent  state  it  contains  more  than  half 
its  weight  of  water.  When  the  supply  of  water  falls  below  the 
normal  the  plants  begin  to  droop  and  finally  die.  The  need  of 
plants  varies  greatly  in  this  particular ;  some  are  aquatic  in  their 
habits  and  live  wholly  in  the  water;  others  can  live  only  on  the 
land ;  and  still  others  are  adapted  to  desert  regions. 

The  degree  of  temperature  necessary  for  growth  varies  within 
certain  limits  for  each  kind  of  plant,  but  as  is  stated  by  Pfeffer, 
the  greatest  extremes  are  shown  by  Tungi,  Bacteria  and  the 
lower  Algse.  Generally  speaking  the  most  favorable  temperature 
for  growth  is  between  24"  and  34°  C. 

Besides  the  factors  enumerated  there  arc  other  factors  whicli 
influence  growth.  They  include  light  (p.  106),  gravity  (p.  94), 
mechanical  agencies,  etc.,  and  are  sometimes  spoken  of  as  external 
stimuli. 

It  is  difficult  to  separate  those  factors  which  act  solely  as  exter- 
nal stimuli  from  those  which  are  essential  to  the  normal  growth 
of  the  plant  and  which  may  be  considered  as  physiological  fac- 
tors. For  example,  light  under  certain  conditions  may  be 
regarded  as  in  the  nature  of  an  external  stimulus  and  not  essen- 
tial to  the  growth  of  the  plant,  while  in  other  cases  it  has  a  direct 
influence  on  normal  growth  and  is  essential  to  the  life  of  the 
plant,  as  in  all  plants  or  parts  of  plants  where  photosynthesis 
(p.  109)  takes  place. 

In  addition  to  the  essential  food  elements,  there  are  many 
substances  which  affect  the  growth  of  plants  which  may  be 
grouped  as  chemical  stimuli,  such  as  (a)  the  substances  secreted 
by  gall-forming  insects,  (h)  in  a  certain  measure  some  of  the 
substances  produced  by  Fungi,  (c)  and  numerous  substances  not 
found  as  normal  constituents  of  the  plant.  Depending  upon  the 
amount  of  the  substance  present  and  the  conditions  imder  which 
it  is  supplied,  the  substance  may  act  as  a  poison  and  injure  the 
plant,  or  it  may  accelerate  growth,  or  cause  abnormal  develop- 
ments. 
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This  subject  has  an  iniportatU  bearing  on  the  physiological 
testing  of  drugs.  Kobert  stales  thai  in  determining  the  qualities 
of  a  new  chemical,  preliminarj'  experiments  should  be  conducted 
on  lower  |>lants  and  animals  before  trying  it  on  man.  Of  the 
plants  which  have  been  used  in  the  testing  of  poisons  the  follow- 
ing may  l>e  mentioned:  Oscillaria.  Spirulina,  Nostoc,  Zygiiema, 
Spirogyra.  Saccharomyces,  Mucor.  Elodea,  Lemna.  Pislia, 
Potamogeton.  M\riophyUum.  Ceratophyllum.  Tradescantia,  seed- 
lings of  grasses,  lupine,  bean,  pea,  corn,  etc. 

Plant  Organs. — Depending  upon  ilie  fact  that  the  plant 
requires  nourishment  for  its  growth  and  develoiimenl  and  that 
it  has  also  to  carry  on  the  work  of  reproduction  ur  propagation, 
— i.e.,  the  production  of  new  plants, — we  distinguish  l>etween 
vegetative  or  nutritive  organs  and  propagative  or  reproductive 
organs.  The  vegetative  organs,  such  as  the  ront.  stem  and  leaves 
in  higher  plants,  manufacture  the  food  necessarj'  for  the  life  of 
the  plant,  while  certain  other  more  or  less  specialized  organs  or 
cells  Girry  on  the  work  of  reproduction. 

In  the  lower  plants,  however,  the  whole  structure  is  much 
simpler,  and  in  some  instances  a  cell  which  performs  the  work 
of  a  nutritive  cell  at  one  stage  may  become  a  reproductive  cell 
at  another,  or.  as  in  the  case  of  the  unicellular  AIg?e.  all  the 
various  functions  of  the  plant  may  be  carried  on  by  a  single  cell. 

Generall)  speaking,  there  are  two  principal  ways  in  which 
plants  are  multiplied  or  reproduced:  ( i )  By  cell  division  or  cell 
fission,  and  (2)  by  the  formation  of  special  cells  known  as 
sr'OkEs.  In  cell  division  (Fig.  94)  the  nucleus  and  cytoplasm  of 
a  cell  diWde  to  form  two  new  cells  or  protoplasts,  which  become 
distinct  by  the  fonnalion,of  a  wall  or  cell-platc  between  the  two 
halves.  All  growth  in  plants  is  dependent  upon  this  method, 
and  in  growing  parts  the  cells  arc  said  to  be  in  a  state  of  division. 
Owing  to  the  plasticity  of  the  plant  organism,  detached  portions 
Vfill  often  grow  anti  give  rise  to  new  plants,  as  in  the  case  of  cut- 
tings. Growth  here  as  in  the  parent  plant  is  accompanied  by  cell 
division.  In  some  of  the  lower  Algae  (Fig.  6)  cell  division  is  the 
only  method  of  propagation,  and  as  only  the  ordinary  vegetative  or 
nutritive  cells  of  the  plant  are  involved  in  the  process  it  is  some- 
times spoken  of  as  vegetative  nuilliplication. 
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In  both  lower  and  higher  plants,  with  the  exceptions  just 
noted,  reproduction  is  also  carried  on  by  means  of  ^wres. 

Depending  upon  their  origin  two  classes  of  spores  arc  distin- 
guished, namely,  (a)  asexual  spores,  and  (b)  sexual  spores.  In 
the  production  of  asexual  spores  the  contents  of  a  certain  cell 


Plc.  s>  VhOtrix  fonaia.  A,  yousii  filanient  with  rhizoid  cell  [r);  B,  piece  of  fiUmant 
ftbowing  cscttr>c  uf  switrm  st<om:  C.  a,  vwarm  aporc  or  to6iporc  with  4  cilia;  D.  biciltat« 
gKmetck  rsrapinfl  from  &  fUamml ;  E,  P.  G.  tbowius  difTcrvnt  ita^es  of  unioa  of  two  gametes: 
H.  young  ryKole  or  eygosporv  ia  which  the  cilia  h»vc  be«n  abaorbed:  J.  i-ccUed  plant 
devtloped  fmm  aygotc:  K.  young  plant  onpmiaing  ioC»porek. — After  E)odd>Porl. 


called  a  mother  cell  or  sroRAXCiLtM  break  up  into  a  number  of 
new  cells  sometimes  called  daufi^hter  cells,  which  escape  through 
the  cell  wall.  In  the  lower  plants,  particularly  those  growing 
in  water  or  in  moist  places,  these  cells  are  provided  with  short 
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tlircad-like  appendages  known  as  cilia,  which  enable  them  to 
move  about  in  the  water.  They  arc  known  as  zoospores  or  swarm 
iporcs  U'ig-  5.  B.  C),  and  cadi  individual  zoospore  is  able  to 
priiducf  a  new  plant. 

The  number  of  zoospores  formed  in  a  sporangium  is  usually 
2  to  8,  as  in  Chthrix.  hut  the  number  may  be  larger.  The  metho<l 
of  cell  formation  which  gives  rise  to  zoospores  is  sometimes 
spoken  of  as  internal  division  from  tlie  fact  that  they  arise 
within  the  old  cell  and  retain  no  relation  to  the  old  wall  as  is  the 
case,  in  cell  fission.  The  zoospores  are  at  first  naked  protoplasts, 
but  later,  on  coming  to  rest,  may  form  a  wall.  Sexual  spores,  on 
the  other  han<l.  are  fonncd  by  the  union  of  two  cells  known  as 
G.MIETKS.  VVlicn  the  gametes  arc  similar  the  resulting  spore  is 
known  as  a  zygospore  or  zygote  (Fig.  5,  E.  F,  (7),  When  the 
ganictes  are  unlike,  the  spnre  produced  by  their  union  ts  known 
as  an  oospore.  In  tlic  latter  case  otic  of  the  gametes  is  larger 
tJian  the  other,  is  less  active,  and  is  spoken  of  as  the  female 
gamete,  oosphcre,  or  egg  (Figs.  11.  12).  The  other  more  active 
cell  is  known  as  the  male  gamete,  antherozoid  or  sperm  (Fig. 
34,  ///).  The  cell  giving  rise  to  the  oosphcre  is  known  as  the 
oogonium  (Figs.  8.  it.  12).  while  the  one  in  which  the  anthero- 
zoid or  sperm  originates  is  called  the  anlheridium  (Figs.  8,  n, 
12.  34). 

PLAXT  GROUPS. 


Probably  the  most  conspicuous  feature  of  the  plant  world  to 
the  casual  observer  is  the  great  number  and  diversity  of  forms. 
It  was  formerly  the  custom  to  devote  attention  chiefly  to  the  more 
prominent  groups  of  plants,  or  tliose  that  pnHlncc  seeds,  but  more 
recently  the  results  of  the  studies  on  the  less  prominent  groups. 
as  ferns,  mosses,  etc,  have  modified  our  views  and  made  it 
imperative  that  the  hotanist  have  a  general  knowledge  at  least 
of  all  the  great  groups  of  plants. 

The  most  general  classification  of  plants  is  that  which  divides 
them  into  three  great  groups, — namely.  (i>  Thallophyles  (Thal- 
lophyta).  (2)  Archegoniates  (Archegoniatse),  and  (3)  Spcrmo- 
phytes  (Spermophyta). 
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THALLOPHYTES. 

The  Thallophytes  include  the  lowest  orders  of  plants, — 
i.e.,  those  simplest  in  form  and  structure.  They  are  supposed  also 
to  represent  more  or  less  primitive  types.  In  these  plants  the 
plant  body  does  not  show  a  differentiation  into  root,  stem  and 
leaf,  as  in  the  higher  plants,  and  is  termed  a  thallus.  The 
thallus  may  branch  in  various  ways,  but  the  structure  remains 
more  or  less  uniform  throughout.  It  should  be  understood,  how- 
ever, that  even  in  this  group  of  plants  certain  cells  or  groups  of 
cells  may  become  specialized,  i.e.,  set  apart  for  a  particular  func- 
tion, as.  for  example,  the  reproductive  cells.  The  Thallophytes 
vary  in  size  and  general  appearance  from  minute  unicellular 
organisms  and  those  which  are  filamentous  and  delicately  branched 
to  large  leaf-like  organisms  many  feet  in  length  (Figs.  6,  9,  13). 

The  Thallophytes  are  divided  into  the  two  groups  of  plants 
known  as  (i)  Algae  and  (2)  Fun^.  The  Algae  produce  chloro- 
plasts,  and  hence  are  capable  of  manufacturing  food  from  the 
inorganic  substances  air  and  water  (see  page  108).  which  fact 
constitutes  a  fundamental  difference  between  them  and  the  Fungp. 

ALG-E. 

Algae  are  also  characterized  by  their  habit  of  living  in  water 
or  in  moist  places,  and  they  are  sometimes  classified  as  "  fresh 
water  algx  "  and  "  salt  water  algae  "  (Fig.  9).  In  the  first  group 
are  included  the  common  pond-scums  and  certain  forms  living 
on  trees,  moist  rocks,  fences  and  elsewhere,  and  in  the  second 
group  the  sea-weeds. 

In  addition  to  the  chlorophyll  (see  page  159)  of  the  chloro- 
plasts  other  color  substances  arc  found  in  Algae,  which  mask  the 
green  color  to  a  considerable  extent.  On  the  basis  of  their  color 
Algffi  are  subdivided  into  ( i )  Blue-green  AlgK  or  Cyanophyceae, 
(2)  Green  Algae  or  Chlorophyceae.  (3)  Brown  Algae  or  Phaeo- 
phyceae,  and  (4)  Red  Algae  or  Rhodophyceae.  While  no  attempt 
will  be  made  to  consider  these  groups  in  detail,  it  should  be 
stated  that  they  not  only  van--  in  color,  but  they  also  vary  greatly 
in  structure  and  general  appearance.  A  few  type  forms  will  be 
considered  in  order  to  illustrate  their  habits  of  life. 
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Pleiurococcus. — One  of  the  commonest  of  the  Green  Algre 
as  well  as  one  of  the  simplest  is  Pleurococcus  {Plcurococcus 
xulgaris)  (Fig.  6).  It  occurs  as  a  green  coating,  in  both  winter 
and  summer  on  the  moist  bark  of  trees,  moist  ground,  and 
stone  walls,  and  is  a  component  of  some  lichens.  The  plant  is 
one-celled,  more  or  less  spherical,  and  at  one  stage  contains  a 
number  of  chlorophyll  grains  which  finally  unite  to  form  a  single 
plate  which  lies  against  the  wall  and  is  known  as  a  chhomato- 
piioRE.  Besides  it  contains  a  considerable  amount  of  oil.  An 
allied  species  {Plcurococcus  z'iridis)  contains  the  sugar  erythrite. 
The  plant  usually  reproduces  by  simple  division,  that  is.  one  cell 
or  plant  divides  to  form  two.  The  division  may  continue  by  the 
production  of  another  cross  wall,  so  that  four  cells  result.  Under 
favorable  conditions,  division  may  take  place  by  the  formation 


Fio.  6,     PleurococcKi  vulgaris.     Different  stages  of  division  of  the  cell. — After  Wille. 


of  Still  another  wall  at  right  angles  to  the  other  two.  In 
this  wav  two,  four  and  finally  eight  individuals  arise  which  adhere 
more  or  less  to  one  another,  thus  forming  colonies.  The  number 
of  individuals  in  a  colony  depends  upon  the  number  of  indi- 
viduals in  the  colony  when  division  begins  and  the  extent  to 
which  division  is  carried.  Thus  if  there  were  four  cells  in  a 
colony  to  begin  with  and  division  took  place  in  three  planes,  tliere 
would  be  thirty-two  cells  in  the  colony  at  the  end  of  the  period. 
Spirogyra. — Another  one  of  the  common  Green  Algje  is 
Spirogvra  (Fig.  7).  one  of  the  pond-scums,  which  forms  float- 
ing green  masses  on  ponds  and  shallow  water  in  the  spring.  The 
plant-body  consists  of  a  chain  of  cylindrical  cells  forming  long 
threads  or  filaments.  The  transverse  walls  are  sometimes  pecu- 
liarly thickened.  The  chromatophores  occur  in  one  or  more  spiral 
bands  (Fig.  7,  //),  which  extend  from  one  end  of  the  cell  to  the 
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other.  In  these  bands  are  embedded  protein  bodies  known  as 
jjyrenoids.  The  nucleus  lies  in  the  center  of  the  cell  and  is  con- 
nected with  the  cytoplasmic  layer  lining  the  walls  of  the  cell  by 
delicate  threads  of  cytoplasm. 

Spirogyra  may  be  propagated  vegetatively  by  one  or  more 
cells  of  a  filament  breaking  off  and  forming  new  individuals  by 
cell  division.     The  plant  is  also  reproduced  by  means  of  zygo- 


Pin.  J.  II,  5^tRicyra  tHetiea,  showins  parts  of  two  filanients  with  l»ncl.in(e  chroma- 
topbom  (chloropUitft).  in  which  mn  embedded  ipheriCAl  pyrenoidc.  Nuclei  are  itioim 
in  ■onw  of  the  cells  wlUi  delicate  threacU  of  c>-io|ilKsm  radiating  from  them.  Two  of  the 
ceib  («,«.)  of  tbc  lulioinitu  fiUmcat«  <A,  B}  arc  bctiinninR  cunjusAtion.  1,  5.  Hwnatta. 
■bowing  different  stAgw  of  oonjuantioo.  In  the  upper  cclU.  the  content*  have  rounded 
off  previous  to  the  rupture  of  the  iid}otning  wnlls  of  the  two  liUni«iiU,  Tb«  two  middle 
cetla  «how  the  oonlmts  pssttntt  from  on«  cell  into  the  oppodte  aU.  In  the  lower  cell  to 
the  right  the  zyaoepore  ii  ihown. — After  Dc  Bsry. 

Spores,  as  follows:  The  cells  of  two  adjoining  filaments  each 
send  out  processes  (Fig.  7.  //,  a,  a),  which  meet;  the  end  walls 
are  absorbed,  forming  a  tube  through  which  the  contents  from  one 
cell  pass  over  into  tlic  other  (Fig.  7,  /)  ;  the  contents  of  the  two 
cells  then  fuse,  after  which  the  mass  becomes  surronndc<1  by  a 
cellulose  wall.  The  .spore  thus  fonnec!  may  remain  dormant  over 
winter,  and  the  following  spring  germinate  and  form  a  new  Spyro- 
g\Ta  filament  or  plant.    This  method  of  reproduction  is  known 
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as  CONJUGATION,  and  the  zygospore  is  called  a  resting  spore.  It 
should  be  explained  that  certain  cells,  as  well  as  spores,  may  lie 
dormant  for  a  perio<l,  as  during  the  winter  season  or  al  other 
times,  when  the  conditions  are  unfavorable  to  growtli,  and  llicn 
renew  ihcir  activities,  these  being  known  as  "  resting  cells." 

Vaucheria  (Fig.  8)  is  another  common  green  alga  which 
may  also  be  selected  as  showing  the  habits  of  this  group  of 
plants.    The  plant  has  a  branching  thallus  and  lives  in  shallow 


Pio.  8.  Vatuiitria  ittstlit.  A.  sporaogiuin  from  which  tht  Tnulddliatc  soAapore  l» 
ucB|)ii)it.  tl,  rcstmii  sotepore:  C.  D.  itmninating  svOsfpres  wiih  Rrvwing  pmnt  (x);  E. 
(Uant  •howicd  root-lUw  utg^a  nt  aUMhirwtni  (w).  spon  from  which  the  plant  a  dcv«Io[»- 
Inn  (ap).  P.  xboNrinji  in  atldttton  two  odaonu  {og,}  and  an  uitheridium  (It).— After  Sacha. 

water  or  on  moist  earth,  being  attached  to  tlie  substratum  by 
means  oi  itclicatc  root-like  processes  sometimes  spoken  of  as 
rhizoids  (Fig.  8,  ze).  In  the  thin  layer  of  protoplasm  l>ing  near 
the  wall  are  numerous  nuclei  and  small  oval  chromatophorcs. 
Numerous  oil  globules  are  also  found  in  the  protoplasm,  and  cal- 
cium oxalate  crystals  may  occur  in  the  cell-sap. 

^''aucheria  furnishes  an  example  of  a  plant  whose  interior  is 
not  segmented  by  cell  walls.  In  other  words,  the  cavity  within 
the  outer  or  enclosing  membrane  is  continuous,  and  such  a  plant 
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is  said  to  be  coenocytic,  i.e.,  like  a  syphon.  But  it  should  be  borne 
in  mind  that  the  plant  contains  a  great  many  nuclei,  and  as  we 
have  seen  (page  2)  a  nucleus  with  its  associated  cytoplasm 
constitutes  a  unit  of  work.  Hence  such  a  plant  as  Vaucheria  is  in 
a  certain  sense  equivalent  to  a  plant  having  as  many  uninucleate 
cells  as  it  has  nuclei.  It  would  probably  be  better  to  call  such  a 
plant  multinucleate  rather  than  unicellular. 

Reproduction  by  means  of  asexual  spores  is  brought  about  as 
follows  (Fig.  %,  A)  :  A  cross  wall  is  formed  near  the  end  of  one 
of  the  branches,  the  end  portion  constituting  a  sporangium.  The 
contents,  including  numerous  nuclei  group  themselves  into  one 
large  zoospore,  which  escapes  through  an  opening  in  the  sporan- 
gia! wall,  and  after  swimming  about  for  a  time  comes  to  rest 
and  germinates,  giving  rise  to  a  new  plant  (Fig.  8.  C,  D).  This 
large  zoospore  is  multinucleate  and  multiciliate,  there  being  two 
cilia  for  each  nucleus,  and  by  some  botanists  is  considered  to  be 
an  aggregation  of  numerous  biciliate  zoospores.  It  is  also  of 
interest  to  note  that  tiie  zoospores  of  Vaucheria  appear  to  arise  by 
a  "grouping  of  the  cytoplasm  and  the  nuclei  alrea<ly  existing  in  the 
sporangium  rather  than  by  repeated  divisions  of  a  single  nucleus. 

Another  method  of  reproduction  in  \'aucheria  ( Fig.  8.  F) 
is  that  by  means  of  oospores,  or  spores  formed  by  the  union  of 
egg  and  sperm  cells.  Two  special  branches  arc  formed  on  the 
thallus  as  short  side  shoots.  One  of  these  branches,  known  as 
the  oiigonium  (Fig.  8,  og),  is  somewhat  egg-shaped  and  sepa- 
rated from  the  thallus  by  means  of  a  cross  wall.  It  contains  a 
great  many  chroniatophore.s  and  considerable  oil,  and  lias  a  com- 
paratively thick  wall.  The  apex  is  somewhat  beaked  and  con- 
tains colorless  protoplasm.  The  second  branch,  wiiicli  is  known 
as  an  antheridium  (Fig.  8,  h),  is  smaller,  somewhat  cylindrical 
and  curved  towards  the  oogonium.  Tt  is  also  cut  off  from  the 
thallus  by  means  of  a  cross  wall.  The  antheri<lium  contains  very 
little  chlorophyll,  but  a  great  many  sperm  cells.  These  are  oval 
or  egg-shaped  and  have  two  cilia,  one  at  each  end.  The  sperms 
escape  from  the  apex  of  the  antheridium  and  enter  an  opening 
at  the  apex  of  the  oogonium,  one  of  them  uniting  with  the  t^^ 
cell,  which  then  develops  a  thick  membrane,  the  resulting  oospore 
being  a  resting  spore. 
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source  of  food  of  small  animal  forms  inhabiting  these  waters- 
One  of  the  distinguishing  characters  of  the  group  is  that 
the  cell  wall  is  iucrusted  with  silica.  For  this  reason  they 
are  practically  indestructible  and  form  marls  and  sti^ta  in 
the  earth.  They  occur  either  singly  or  grouped  in  bands  or 
chains.     They  are   very   variable   in   shape.   l>eing   boat-shaped. 


ail 
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Pio.  to.  Duitotns:  A.  PUnraiignia  attmncltirH  aa  mcd  from  above;  B,  Ptemrositxtt 
balttcum  as  9e«o  from  the  girdle  ude,  C.  D.  E.  Fntftlaria  vtrescfns  showing  culanies 
ultached  lo  an  alfla  in  C,  a  vi«w  of  a  unRlr  diatom  from  ftbovr  at  D,  and  «  cbain  of 
lUatoRU  viL-wcd  from  the  girdle  side  at  E;  P.  C.  ttvo  views  of  Savicula  viridis,  H.  I,  tbe 
fomution  of  auxocpom  in  .V<nioi^d  (irma.  H  •bowiOK  tbe  exit  of  the  protopUxU  nod  the 
thmwiftK  o(T  of  :!)«  onginal  vaIvcs. — A.  B.  D.  after  Van  HeuTck;  C.  H.  after  W.  Smith. 
P-I.  after  Pfitwr 


ellipsoidal,  spherical,  or  peculiarly  curved  in  some  forms.  They 
are  cither  free  or  attached  to  a  substratum,  as  stones,  water  plants, 
etc..  those  which  arc  free  having  an  active  movement  (Fig.  to). 
The  cell-wall  of  Diatoms  practically  consists  of  two  halves,  one 
fitting  over  the  other  like  the  lid  of  a  box.  These  are  known 
as  "  valves  "  or  "  theca."    The  manner  in  which  the  two  valves 
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arc  joined  results  in  the  formation  of  a  "  girdle  "  or  '*  pleura." 
The  girdle  is  proviiJcd  with  a  scries  o£  pores  connecting  with 
canals  at  either  end  and  in  the  middle,  through  which  food  from 
without  is  supplied  to  the  protoplast.  The  valves  arc  very  often 
beautifully  marked  by  a  series  of  parallel  cross  lines,  dots,  cir- 
cles, or  polygons,  which  are  characteristic  of  the  different  gjoups. 
Some  fonns  are  used  in  testing  the  deftnition  of  objectives,  as 
Ptcurosigma  anguhtnm,  in  which  the  lines  arc  one-half  micron 
wide  (Fig.  lo,  A)? 

In  the  Diatums  (he  protoplasm  lies  as  a  thin  layer  close  to  tlie 
wall  surrounding  a  large  central  vacuole.  The  nucleus  is  sur- 
rounHed  by  a  relatively  dense  mass  of  cytoplasm,  and  occurs  In 
definite  positions  according  to  the  species.  The  chroiuatophores 
frequently  occur  in  plates  which  are  typical  for  certain  species. 
They  are  sometimes  greenish-yellow,  the  color  being  generally 
masked  by  the  presence  of  a  brown  substance  known  as  diatomin. 
They  frequently  contain  pyrcnoids,  which  arc  sometimes  associated 
with  graimles  of  starch. 

Reprotiuction  takes  place  by  simple  division  or  fission,  the  two 
valves  separating  and  a  new  valve  forming  on  each  half  to  replace 
the  old  one.  In  each  case  the  valve  formed  fits  into  the  old  one 
and  hence  in  the  case  of  the  smaller  valve  the  new  cell  or  plant 
becomes  smaller  than  the  parent  plant,  the  walls  not  being  able 
to  expand  on  account  of  the  siliceous  composition.  In  this  way 
the  cells  of  one  series  gradually  become  smaller  and  smaller  until 
a  certain  minimum  is  reached,  when  the  plant  rejuvenates  itself 
by  the  production  of  spores  (auxospores).  These  arc  formed  in 
two  ways:  In  one  case  the  valves  separate  from  each  other,  the 
protoplast  escapes,  grows  larger  and  develops  a  new  wall :  in  the 
other  case,  of  which  there  are  several  types,  two  individuals  come 
together,  and  envelop  themselves  in  a  mucilaginous  covering. 
They  then  throw  ofT  their  siliceous  walls  and  the  protoplasts  unite 
lo  form  a  zygospore  which  grows  until  it  is  three  times  the  orig- 
inal size,  after  which  it  develops  a  new  wall,  the  larger  valve 
forming  first  (Fig.  lo,  H.  H. 

Economic  Uses  of  Algae. — Diatomaccous  earth,  which  is 


*  The  micron  (^)  is  the  ^i/mt  of  a  millimeter. 
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made  up  of  the  valves  of  diatoms,  is  used  chiefly  as  an  absorbent 
agent  for  storing  nitroglycerin,  as  in  the  production  of  dynamite. 
Being  a  non-conductor  of  heat  the  material  also  finds  use  in  the 
manufacture  of  the  so-called  isolation  plates  for  machinery. 
Another  use  is  as  a  tooth  powder.  Among  the  Chinese  and  Lap- 
landers diatomaceous  earth  has  also  been  used  as  an  edible  earth 
known  as  "  mountain  meal  "  or  "  bread-stone."  It  has  been  used 
in  India  as  a  rubefacient. 

Many  of  tlie  Algte  arc  of  use  as  food,  of  which  the  following 
may  be  mentioned :  I-'auclicria  fasti ^iata,  Griffithsia  coralina. 
Ceramium  Loureirii,  Choudrus  crispus  (Fig.  9),  Gigartitia  mamil- 
/(>j"a{ Fig. 278a),  GcUdium  cartilasijieiim,  Gelidium  crinalc  (yield- 
ing agar-agar),  Rhodymcnia  palmata  (yielding  dulse),  and  sev- 
eral species  of  (jracilaria  (which  also  yield  agar-agar). 

Some  of  the  sea-weeds  are  used  in  the  production  of  iodine, 
as  Durri!la\i  iitt'lis.  .-IscophyUuvi  nodosum.  Funis  zrsiculosus 
(bladder-wrack).  Sar^assum  HmfoUum.  Lamituiria  saccharina, 
Laminaria  di^i^itata.  Alaria  rsculcnta.  Rhodymcnia  palmata,  Phyl- 
hphora  mcmbraui folia.  Macrocystis  pyrifcra,  and  Fastigiaria  fur- 
ccllata. 

A  numl>er  of  the  Algae  arc  also  used  in  medicine,  particularly 
for  phthisis,  as  Fucns  cartilai^incus.  Stilophora  rhizodes  and 
Dictyoptcris  polypodioidcs.  Alaria  csculenta  and  Laminaria  digi- 
tata  are  used  in  the  making  of  bougies  and  tents  used  in  surgery. 
Owing  to  the  toughness  of  some  of  tiie  Algae  on  drying,  the 
material  is  used  in  the  manufacture  of  various  articles,  as  handles 
for  tools  from  the  thick  stem  of  Lcssonia  fucescens,  fishing  lines 
from  Chordaria  Ulurn,  etc. 

FUNGI. 

The  Fungi  form  a  large  group  of  plants  which  do  not  produce 
chloroplasts  or  any  bodies  having  a  similar  function.  They  have 
not  the  power  of  carbon  dioxide  as.similation,  that  is,  unlike  the 
.\lg<e  they  arc  unable  to  manufacture  food  materials,  such  as 
carbohydrates  (starches,  sugars,  etc.).  from  carbon  dioxide  and 
water.  Hence  they  are  dependent  npon  previously  formed  food 
products,  and  may  cicrive  their  food  from  living  plants  or  ani- 
mals, when  they  are  known  as  i'arasites,  or  from  decaying  animal 
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or  vc^'ctable  njattcr.  when  tliey  arc  known  as  saprophytes.    Ttic 
living  plant  or  animal  attacked  by  a  fungus  is  known  as  ihe  host. 

i-'unj^i  arc  especially  characterized  by  the  habit  of  arising 
fixim  spores  and  of  producinj;  thread-like  cells  tJie  growing  jxiiiit 
of  which  is  at  the  apex.  These  threads  arc  known  as  hvphjs 
(sinRiilar  hyplia).  They  branch  and  become  interwoven,  forming 
a  mass  or  mat  known  as  the  mycklium  (Fig.  13).  The  myce- 
lium o-nstitutcs  the  plant  body  proper,  and  absorbs  the  food 
material  from  the  snbslraliim.  which  it  ramifies,  often  causing 
ilecay.  The  mycelimn  is  frcqnenlly  not  visible,  anti  the  pre-sence 
of  the  fungus  is  not  rccofpiized  until  the  so-called  fruit  Ixidies  are 
developed.  a«  sometimes  seen  in  the  case  of  mokly  oranjjcs. 
mildewed  linen,  and  as  illustrated  by  the  common  mushroom. 
The  mycelium  lias  a  cellulose  wall  which  in  some  cases  is  modi- 
fied to  chitin,  a  nitroptmous  substance  rclateil  to  animal  cellulose 
and  foimd  in  crabs  and  other  lower  animals.  The  protoplasm 
cither  occurs  in  a  more  or  less  delicate  form  lining  the  hypha;  and 
eni:Io*:infj  large  vacuoles,  or  is  comparatively  dense  enclosing 
numerous  small  vacuoles.  Many  fungi  contain  color  substances 
which  are  dissolved  in  the  cell-sap  and  are  of  a  quite  brilliant  hue. 
One  of  the  most  interesting  classes  of  substances  produced  by 
fungi  is  that  of  the  ferments,  including  tlie  oxidizing  femient 
allied  to  laccase.  They  contain  also  amido-substances  related  to 
lecitliin ;  fats;  carbohydrates,  as  trehalose  ami  inannitol ;  organic 
acids,  as  oxalic,  tartaric,  malic,  etc. :  and  calcium  oxalate  may 
be  present  in  some  cases. 

Reproduclion  in  the  Fungi  is  chiefly  by  means  of  asexual 
spi:>rcs.  which  arise  in  two  ways.  In  the  one  case  they  are  devel- 
oped in  a  special  cell  or  sporangium  at  the  end  of  a  mycelial  thread 
and  arc  known  as  i:NiH)sn)Ki:s.  In  the  other  case  they  arise  on 
special  hv-phx,  or  directly  from  the  mycelium  and  are  known  as 
EXOspoRKS  or  conidia.  There  arc  also  several  modifications  of 
these  two  types  of  spores,  which  may  be  referred  to  later. 

Groups  of  Fungi. — There  arc  two  principal  groups  of  Fungi, 
namely.  ( i )  the  Phvconiycetes.  or  Alga-fungi,  so  called  because 
lliey  show  a  resemblance  to  certain  of  the  Algae,  and  (2)  the 
Knmycctes.  or  true  Fungi.  The  Kiimycctcs  have  two  sub- 
divisions, namely,    (l)    Ascomycetes   and    (2)    Basidiomycetes. 
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The  Ascomycetes  are  distinguished  by  having  a  sporangium  of 
a  definite  shape  and  size,  which  is  called  an  ascus,  and  which 
contains  a  definite  number  of  spores,  which  is  two  or  some  multi- 
ple thereof.  The  Basidiomycetes  are  the  most  highly  developed 
Fungi,  producing  large  fruit  bodies,  such  as  are  seen  in  mush- 
rooms, toadstools  and  puffballs.  They  are  characterized  by  pro- 
ducing spores  (basidiospores)  on  special  hyphae.  The  spores  are 
usually  four  in  number  and  the  spore-producing  organ  is  known 

as  a  BASIDIL'M. 

PHYCOMYCETES :  ALGA-FUNGI.— The  plant  body  of 
the  Phycomycetes  consists  of  a  mycelium  which  is  unsegmented, 
more  or  less  thread-like  and  sometimes  considerably  branched. 
Reproduction  takes  place  by  means  of  several  kinds  of  spores,  and 
by  reason  of  the  production  of  two  kinds  of  sexual  spores  they  are 
subdivided  into  two  important  groups.  These  are  ( i )  the  Oomy- 
cetes  which  produce  oospores,  and  (2)  the  Zygomycetes  which 
produce  zygospores. 

Saprolegnia. — Probably  one  of  the  best  representatives  of 
the  Oomycetes  is  the  group  of  water  molds  known  as  Saproleg- 
nia, which  are  aquatic  in  their  habits  and  are  both  parasitic  and 
saprophytic,  occurring  on  living  fish,  insects,  crayfish  and  decay- 
ing plants  and  animals  as  well.  The  plant  body  consists  of  a 
mycelium  which  may  be  simple  or  branched,  sometimes  forming 
a  dense  mass  (Fig.  11.  A).  Like  the  alga  Vaucheria,  it  produces 
both  swarm  spores  (zoospores)  and  oospores.  The  swarm  spores 
(Fig.  II.  B,  C)  are  produced  in  sporangia  formed  by  the  pro- 
duction of  a  partition  wall  at  the  end  of  a  hj-pha.  The  sporangia 
are  either  cylindrical  or  spherical,  and  contain  numerous  zoospores 
which  have  two  cilia  at  one  end.  These  spores  are  peculiar  m 
that  after  their  escape  from  the  sporangium  they  swim  about, 
then  come  to  rest  and  take  on  a  wall,  after  which  resting  period 
they  develop  two  cilia  on  the  side,  again  move  about,  and  germin- 
ate when  they  find  a  suitable  host. 

The  oogonia  and  antheridia  (Fig.  ri,  D-F)  are  also  formed 
at  the  ends  of  hyphse.  The  oogonia  are  usually  spherical  and  the 
wall  contains  a  number  of  small  pores.  The  contents  which  are 
at  first  more  or  less  uniform,  later  develop  egg-cells,  of  which 
there  may  be  as  many  as  fifty  in  a  single  oogonium.    The  anthe- 
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ridium  is  more  or  less  cylindrical  and  contains  a  somewhat  uni- 
form mass  of  protoplasm.  The  antheridiuin  bends  toward  the 
oogonium  and  comes  in  contact  with  it,  but  apparently  does  not 
in  all  cases  penetrate  ii.  Xeverihelcss  the  egg-cells  develop  walls 
and  become  resting  oospores. 
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Pig.  II.  Species  of  S<t(>r<>Uenvx.  A.  mycelium  gixiwinR  out  from  «ni]  ■urroun'linit 
a  dead  boase-6y  In  a  water  culture;  B,  C.  tporanglft  with  bictliate  kwutn  spom,  D.  a 
nuoibo'  of  oAfconUk  contAlnind  ci-Hpherea;  E,  P.  oOsonia  and  anihetidia.  In  P  ihc  tube  of 
the  antheridium  having  t>etietnited  the  odCODtum, — A-C,  aXtcr  Thurel,  D-P,  ofier 
Ot  Bftry. 


In  Peronospora.  one  of  Ihc  Oomycctes,  the  antheridium 
(Fig.  12.  H)  develops  a  tube  which  pierces  the  wall  of  the 
oogonium  (Fig.  12,  o)\  the  contents  unite  with  the  egg-cclU 
after  which  a  heavy  membrane  develops  forming  an  oospore 
which  germinates  when  it  finds  a  suitable  host.  The  plants 
belunging  to  Peronospora  as  well  as  related  genera  are  dcstruc- 
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live  lo  many  cultivated  plants,  constituting  mildews  or  blights, 
as  ihosf  occurring  on  the  leaves  of  hvoscvainus.  tobacco,  anthe- 
mis,  matricaria,  aconite,  grafw  vine,  lima  bean,  potato,  etc.  The 
group  has  received  the  name  "  downy  mildews  "  because  of  the 
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Pio.  ta.  A,  Cystcpu*  catJuluSi  B,  Ptromtpora  tat^ttkeca.  Mycalia  <ra>  with  hAu»- 
«UHin  |iCTielr»tin8  cells  <«»  vt  hoaU.  C.  OOapore  fortnition  in  Ptrotmtpora:  o,  oOdoniunr. 
n,  ■mhrriilium  At  the  left  the  anthnidiutn  is  in  contact  with  oOvoninm:  tbc  next  stiev 
^hom^Tht  ant h«TKl turn  pmetralinit  oOgnnium  and  dischftreiiut  iU  oontCQUi;  at  the  ri^bl  the 
mulimji  oospore  IN  nhowri-    -Atler  De  Bary. 

fact  that   the   conidiophores   rise    to   the   surface   of  the   leaves 
where  the  -spores  are  ilischarged.  forming  powdery  patches. 

Black  Mold. — A  common  example  of  the  Zygomycetes 
is  furnished  by  the  "  black  mold."  Afucor  mucedo.  The  myce- 
lium of  this  plant  is  comocvtic.  thread-like,  very  much  branched. 
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profusely  rjevcloiwd  much  like  that  of  Phycomya's  uitvns 
(f^'g-  'J-  ^1-  ^'"^  inoM  h  widely  distributed,  causing  trouble 
in  the  spoiling  of  many  sugar-  and  starch-containing  substances 
in   the   household,  incUiding  preserves,  syrups,   fruits,  etc.     In 
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Pic  13.  B.  richly  bnnchinx  mycelium  (m)  of  the  mold  Pkyeowycet  niuns  show* 
tnc  utTteht  h>'ptuE  bearinii  uporaciKia  <g).  A.  0,  D,  the  common  hUck  mold  A^Ncr 
muMtln.  A.  Kpr)nngtum  wilh  coUtmtlla:  C,  gemitnation  of  tygotpon  ((),  «nth  fortiMtion 
of  tirplu  ik).  «n(I  tponngium  fg);  D,  oirliMt  ■tA0i»  in  th«  developmanl  of  a  xysoBiwre 
the  hyphal  bntnchn  (b|  khowinR  adjoimn^  entU  <a)  cut  od   b}-  crou  waIIs — After  Sachs. 

fact,  a  number  of  sjiecies  of  Mucor  have  the  power  of  inducing 
alcoholic  fermentation  in  glucose-containing  solutions.  They 
are  also  commonly  found  in  many  aqueous  solutions  of  inorganic 
chemicals  as  well   as  organic  substances.     Asexual   spores  are 
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formed  at  the  ends  of  h)*phae  which  rise  into  tlie  air.  The  spor- 
angia are  spherical  and  are  cut  off  from  the  h>-phae  by  means  of 
a  transverse  wall  which  projects  iipwar<l  into  the  sporangium  and 
which  is  technicallv  known  as  the  coUimella  ( Kig.  13,  A).  The 
contents  by  simultaneous  division  form  numerous  one-celled 
spores,  which  arc  discharged  hy  the  bursting  of  the  sporangium 
wall  and  distributed  bv  air-currents  or  the  wind.     As  the  name 


Fill.  i«.    Pnwo  fomflttnu  tbowing  staves  In  the  dcvclopmeat  of  aacospores.    In  the 

youngckl  kwi  (m,  r]  there  it  aoly  one  Dudeus;  thim  divide  into  two  w,  tb*  dtvUion  u 

repeated,  w  that  there  mn  4  nuclei  in  (t)  mm]  8  in  (n).  Tb«at  surround  thenuclvn  wHth 

olopUim  unit  ■  cell  wall  (v.  w)  but  the  |)n>to[>l««m  of  ibe  mother  cell  or  akuk  is  not 

ptircly  ii»c«l  uij.— After  De  Diry. 


of  the  group  to  which  this  plant  belongs  indicates,  it  also  pro- 
duces zygospores  (Fig.  13,  £>).  These  are  formed  by  hyphal 
branches  which  ascend  from  the  substratum.  The  ends  of  two 
branches  come  together,  a  transverse  wall  is  formed  in  each 
branch,  the  walls  in  contact  are  absorbed,  the  contents  unite,  and 
a  spore  is  formed  with  three  membranes,  two  belonging  to  the 
spore  proper  and  the  third  being  fonned  by  the  un{te<1  h>-phac. 
Aa  would  be  expected,  these  spores  arc  quite  resistant,  being  able 
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to  withstand  unfavorable  conditions,  and  germinate  (Fig^.  13,  C) 
only  after  a  period  of  resU 

EUMVCETES:  TRl*K  FtrNGI.— AscuxiYCK-rFi;.— The  As- 
comycotes  arc  distinguished  for  the  most  part,  like  the  other 
higher  Fungi,  in  having  a  septate  mycelium,  i.e..  one  cellular  in 
sinictnre.  and  in  producing  asci  {^sacs).  which  latter  are  formed 
at  the  ends  of  the  branches  of  the  mvcelia.  Two  main  sub-groups 
are  recognized,  the  one  producing  an  indefinite  number  of  spores 
in  asci  which  are  not  well  developed,  anrl  known  as  the  f  Ikmi  ssci : 
the  other  producing  a  definite  number  of  spores,  which  number  is 
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Pin.  ij.  Bpedes  of  Saccfaaram^-cn  (Yeuts).  A,  5.  etttvUui  or  t>cer  yeast:  B. 
S.  f*atti^**anui:  C.  5  tlometatHs:  D,  S.  Pieniatus:  b.  VQs»t«tiv«  c«ll«  nproducing  by 
budiltBK;  b.  fonnation  nf  aacospom.~~Aft«r  Rmbb, 

characteristic  for  each  species,  in  a  well-developed  ascus,  and 
known  as  the  EuASCi.  In  the  latter  group  the  spores  arise  by 
successive  divisions  of  the  primar)*  nucleus  into  two,  as  shown  in 
Pe=ha  conffttens  (Fig-  14I. 

Yeasts. — The  simplest  of  the  Ascomycetes  is  the  sub- 
group known  as  the  Saccharomvces,  or  Yeasts.  The  Yeasts  do 
not  produce  a  mycelium,  but  the  plant  body  consists  of  a  single 
cell,  or  a  chain  of  cells,  and  multiplies  by  a  peculiar  process  known 
as  "yeast  budding"  (Fig.  15,  a).  From  either  end  of  the  cell 
a  wart-like  process  develops,  which  enlarges  until  about  the  size 
of  the  original  cell,  from  which  it  is  then  separated  by  the  forma- 
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tion  of  a  transverse  wall.  The  cells  are  spherical,  ellipsoidal,  or 
eg^-shaped,  and  in  some  cases  somewhat  elongated  and  hypha- 
like.  In  the  protoplasm  are  one  or  more  large  vacuoles. 
In  certain  of  the  cells,  which  may  be  considered  to  be  asci,  two  to 
eight  spherical  or  ellipsoidal  spores  are  produced  (Fig.  i6). 
There  are  a  number  of  different  species  of  Yeasts,  some  of  which 
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Pig.  i6.    Formation  of  ascospores  in  a  number  ol  different  species  of  Yeasts,     i. 
Sacckaromycts  ctrtvisia;  2,  S.  Pastoriamts;  3,  5.  initTTrudiui;  4,  5.  validus. — After  Hansen. 

are  cultivated ;  an<I  these  latter  are  of  great  economic  importance 
on  account  of  their  property  of  inducing  alcoholic  fermentation. 
They  are  also  of  use  in  the  making  of  bread,  changing  the  carbo- 
hydrates in  part  into  carbon  dioxide  and  alcohol,  both  of  which 
are  driven  off  in  tlie  baking.  Yeasts  are  used  in  the  treatment 
of  certain  skin  diseases,  their  action  being  attributed  to  a  fatty 
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which  they  grow.  These  areas  become  soft  and  spongy  and  are 
always  white  at  first.  After  a  time  hyphal  branches,  which  are 
more  or  less  flask-shaped,  rise  above  the  substratum,  and  by  a 
process  of  division  at  the  end  of  the  branch,  or  conidiophore,  a 
spore  called  a  conidiospore  is  formed  (Fig.  17.  A;  Fig.  18.  A). 
The  process  of  division  at  the  end  of  the  conidiophore  continues 


Pic.  18.  Aspergillus,  a  yellow  mildew.  A,  conidiophore  with  enlarged,  more  or  less 
spherical  end,  from  which  the  fan-like  series  of  chains  of  conidia  arise;  B-E,  successive 
stages  in  the  development  of  perithecium;  F,  section  through  a  nearly  ripe  perithecium; 
G.groups  of  young  asci;  H,  a  ripe  ascus  with  8  spores. — A,afterKny;  B-H,  after  OeBary. 


from  below  until  a  chain  of  conidiospores  is  formed.  The  conidio- 
phore frequently  branches,  so  that  a  fan-Hke  series  or  group  of 
conidia  or  conidiospores  is  produced  (Fig.  17,  B;  Fig.  18,  A). 
The  conidia  are  usually  some  shade  of  green,  but  finally  they  may 
become  more  or  less  brown.  They  are  thin-walled,  quite  small, 
and  so  light  that  they  float  freely  in  the  air.  If  a  colony  is  inhaled 
it  gives  the  sensation  commonly  called  the  "  smell  of  mold." 
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They  are  capable  of  germinating  on  almost  everj  thing,  as  oU 
shoes,  oW  paper,  as  well  as  on  Iiread  and  other  articles  of  the 
household,  and  are  commonly  found  on  '*  moldy  drugs."  in  a  num- 
ber of  pharmaceutical  preparations,  as  syrups  and  infusions,  and 
even  in  solutions  of  inorganic  as  well  as  organic  chemicals. 

Aspergillus  (I'ig.  l8)  is  distinguished  from  PenicdHum  I,  Fig. 
17)  b\  the  fact  that  the  upper  end  of  the  h)-phal  branch  or  conidio- 
phore  is  somewhat  enlarged  and  more  or  less  spherical. 

In  addition  to  the  conidiospores  these  fungi  sometimes  prodiux 
in  the  fall  of  the  year,  particularly  when  grown  upon  bread,  asci 
fniits  (  Fig.  17.  C-F;  Fig.  18.  B-E).  In  this  case  two  fertile  ini- 
tial hvplue  wind  themselves  around  each  other,  after  which  ihcy 
become  surroimded  with  sterile  brandies  which  form  a  kind  of 
loose  tissue,  more  or  less  cellular  in  structure,  that  finally  develops 
into  a  yellowish  leathery  wall.  This  body,  which  may  be  regarded 
as  a  closed  ascocaq).  is  known  as  a  pcrithecium  (Fig.  17.  F ;  Fig. 
18,  F).  As  a  result  of  the  conjugation  of  the  fertile  cells,  asci 
(Fig.  \J.G,  H,  J ;  Fig.  i8,  C,  H)  develop  within  the  pcrithecium. 
which  are  more  or  less  spherical  or  ellipsoidal  and  contain  from 
four  to  eight  sjwres  (ascospores)  (Fig.  17,  K:  Fig.  18,  H). 
After  maturity  the  cellular  tissue  around  the  asci  dries  up  and  dis- 
integrates, the  walls  of  the  asci  dissolve,  and  the  ascospores  are 
liberated  from  the  perithecium  by  slight  pressure.  Tlie  spores 
lie  over  winter  and  then  germinate,  producing  a  mycelium  from 
which  conidia  first  develop  and  afterwards  the  perithecia.  thus 
repeating  the  life  history  of  the  plant. 

Ergot. — Another  Ascomycctc  of  special  interest  is  the 
fungus  known  as  ergot  {Clariccps  purpurea).  The  spores  of  this 
fungus  genninatc  on  the  flowers  of  certain  grasses.  The  myce- 
lium ixrnctrates  the  walls  of  the  ovary,  absorbing  the  nutriment. 
After  a  time  the  mycelium  develops  on  the  surface,  and  from 
this  short  conidiojihores  arise  bearing  small  ovoid  conidia  (con- 
idiospores )  ( Fig.  19,  A ) .  The  mycelium  secretes  a  sweet  fluid,  the 
so-called  honey  dew  which  attracts  insects,  and  thus  the  conidia 
are  carried  to  other  plants.  .As  the  conidia  arc  capable  of  immedi- 
ate germination  the  so-called  "ergot  disease"  rapidly  spreads 
during  the  flowering  season  of  the  host  plants,  .\fter  the  forma- 
tion of  conidia  ceases,  the  mycelium  forms  a  dense  mass  which  is 
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Basidiomycetes. — The  Basidiom>cetcs  are  ihe  most  highly 
organized  of  the  Fungi.  The  mycelium  consists  of  white  branch- 
ing threads  and  is  usually  concealed  in  the  substratum.  In  the 
cultivation  of  the  edible  muslirooms  propagation  is  by  means  of 
the  mycelium  which  is  known  commercially  as  '*  spawn."  It  is 
recognized,  however,  that  mushrooms  can  not  be  propagated  in 
this  way  exclusively  for  more  than  two  or  tlnree  years.  The  my- 
celium is  really  the  plant  body,  and  the  part  whicli  rises  above  the 
surface  and  is  commonly  regarded  as  the  toadstool  or  mushroom 
(Figs.  JO  and  21)  is  a  fruit  branch,  or  spore -producing  organ. 
When  these  branches  first  make  their  appearance  they  arc  in  the 
fonn  of  small  solid  bodies  known  as  "  buttons  "  (Fig.  20,  /-K). 
As  growth  proceeds  these  bo(hes  dilTerenliate  into  a  stalk-like 
portion  known  a.s  the  stipe  (Fig.  20.  st),  which  is  directly  con- 
nected with  the  mycelium,  and  an  umbrella- like  portion  borne  at 
the  summit  of  the  stalk,  called  a  pileus,  which  at  first  is  closed 
down  over  the  stalk,  tmt  later  exjjands  or  opens  more  or  less 
widely  according  to  the  species.  (!)n  the  under  surface  of  the 
pileus,  known  as  the  hymenium.  the  spores  are  borne  (Fig.  20, 
A,  B,  C).  In  some  cases  the  under  surface  is  composed  of 
a  series  of  narrow,  radiating,  knife-like  plates,  or  gills,  as  in 
the  common  e^lihle  mushroom  .Agariciis.  On  the  surface  of 
the  gills  the  basidia  or  spore-bearing  organs  arise.  The  basidia 
are  somewhat  swollen  lermina!  cells  of  the  closely  arranged 
hyph^e  composing  the  gills,  which  bear  a  group  of  spores  on 
short  stalks  (Fig.  20.  C).  Both  the  basidia  and  spores  {basidio- 
spores)  are  of  a  characteristic  size  and  number  for  the  different 
species. 

In  some  of  the  other  members  of  the  group  the  gills  are 
replaced  by  pores,  as  in  the  "  pore-fungi."  which  are  parasites  on 
Irees  and  destructive  to  timber.  In  still  other  cases  the  under 
surface  is  furnished  with  teeth,  as  in  the  **  teeth-bearing  Fungi,** 
some  of  which,  as  Hydmtm  repandum.  form  the  "  fairy-rings'* 
in  the  woods.  The  latter  are  also  formed  by  Marasmius  arcades 
(Fig.  21,  illus.  7),  in  which  the  gills  are  comparatively  few  and 
bulge  out  at  the  middle. 

One  or  two  types  will  be  considered,  namely,  the  common 
edible  mushroom  and  two  of  the  poisonous  group,  Amanita. 
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mass  is  more  or  less  cellular  in  structure  and  is  known  as  the 
scLEKirrii'M.  It  is  quite  resistant  and  usually  remains  donnaiit 
until  the  followinjj  spring  wlicn  the  grasses  are  in  flower  again. 
The  sclcrotiuni  tlien  shows  signs  of  renewed  activity  hy  llie  tk- 
velopinenl  of  small,  reddish,  spherical  bodies  with  a  fair-sited 
stalk  (Fig.  19.  C).    Within  the  pcripher>'  of  these  spherical  heads 
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KiG,  10.  Agancns  fampesirii,  the  comnion  edible  muftliR»m.  tbowins  at  A  on  the 
Mt  tnYVclium  (in}  lUiit  ikvdopinent  al  buttona  or  rouns  muahfXioms:  I  to  V,  lonjii- 
twlmal  >ectioru  ihowtnc  tuccCMUvc  stAKts  in  dcvcloptncni  of  fruit  body;  m,  mycelium; 
at,  >lip*.  I    jHirtion  between  veil  (v)  tnd  spurp-bcihuK  i>oriion  (h). 

The  illustTaci[>n  to  Ihc  riuKi  <.A,  D,  C)  iJiows  the  stnictun  of  the  byrneaium  in  tliJlemit 
d«?nus  of  nuRnifiCattan  A.  MCtion  throuah  ftarXmti  of  piteui  ihowins  hvc  of  the  gilk. 
K,  (rcttoii  ul  n  uill  Mjmcwbat  nruMEnilitd .  C.  section  ut  riU  itill  more  mavniltcd  nnd  ahowins 
stchlctxllsuT  iMini-hyack  {g).ancl  ttic  fertile  cells  ur  Uujdia  <&«,[rotn  each  of  which  uHk  two 
but>liMI<>rev — After  SacIw. 


arc  priHlncc"]  ilask-shaped  perithecia  or  ascocaqw  (Fig.  19.  P) 
containing  numerous  cylindrical  asci  ( I'ig.  19,  E),  eacli  uf  which 
containii  eight  spores  (Fig.  19,  F)  ;  the  latter  are  one-celled,  hya- 
line antl  lliri'3(l-like  (Fig.  19.  H).  The.se  sfw>res  are  carriecl  hy 
the  wind  to  the  tlowers  of  certain  nf  the  grasses,  as  already  stated, 
and  the  life  history  or  cycle  of  growth  hcgins  again. 
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Basidiomycetes. — ITie  Basidiomycetes  arc  ibe  most  highly 
organized  of  the  Fungi.  The  niyccliuni  consists  of  white  branch- 
ing threads  and  is  usually  concealed  in  the  substratum.  In  tlic 
cultivation  uf  tlie  edible  mushrooms  propagation  is  by  means  of 
the  mycelium  which  is  known  commercially  as  **  spawn."  Jt  is 
rccogiuzed,  however,  tliat  nmshrooms  can  not  be  propa^ted  in 
this  way  exclusively  for  more  than  two  or  tliree  years.  The  my- 
celium is  really  tlie  plant  body,  and  the  part  which  rises  above  the 
surface  and  ts  commonly  regarded  as  the  loadstcwl  or  mushroom 
(Figs.  20  and  21)  is  a  fruit  branch,  or  spore-producing  organ. 
Wlien  these  branches  first  make  their  ap[)€arance  they  are  in  the 
fonn  of  small  solid  bodies  known  as  "  buttons  "  (Fig.  20,  I-V). 
As  growth  proceeds  these  bodies  differentiate  into  a  stalk-like 
portion  Icnown  as  the  stipe  (Fig.  20.  st),  which  is  directly  con- 
nected with  the  mycelium,  and  an  umbrella-like  portion  borne  at 
the  summit  of  the  stalk,  called  a  pitcus,  which  at  5rst  is  closed 
down  over  the  stalk,  but  later  expands  or  opens  more  or  less 
widely  according  to  the  species.  On  the  under  surface  of  the 
pileus,  known  as  the  hymenium,  the  spores  are  borne  (Fig.  20, 
A.  B,  C).  In  some  cases  the  under  surface  is  composed  of 
a  series  of  narrow,  radiating,  knife-like  plates,  or  gpHs,  as  in 
the  common  edible  mushroom  Agaricus.  On  the  surface  of 
the  gills  the  basidia  or  spore-bearing  organs  arise.  The  basidia 
are  somewhat  swollen  terminal  cells  of  the  closely  arranged 
h\ph;c  composing  the  gills,  which  bear  a  group  of  spores  on 
short  stalks  (I"ig.  20,  C").  Both  the  basidia  and  spores  (basidio- 
sporcs)  are  of  a  characteristic  size  and  number  for  the  ditTcrcnt 
species. 

In  some  of  the  other  members  of  the  group  the  gills  are 
replaced  by  pores,  as  in  the  **  porc-fnngl,"  which  are  parasites  on 
trees  and  destructive  to  timber.  In  still  other  cases  the  under 
stirface  is  funiishcd  with  teeth,  as  in  the  "  teeth-bearing  Fungi," 
some  of  which,  as  Hydnum  repmuium.  form  the  "fairy-rings" 
in  the  woods.  Tlie  latter  are  also  formed  by  Marasmius  orcadi'S 
(Fig.  21.  illus,  7).  in  which  the  gills  are  comparatively  few  and 
bulge  out  at  the  middle. 

One  or  two  types  will  be  considered,  namely,  the  common 
edible  mushroom  and  two  of  the  poisonous  group,  Amanita. 
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Eklible  Fungi, — Agaricus  campestri^  (contnion  nmsliroom) 
(Fig.  21,  illus.  I J  is  practically  ihc  only  edible  species  cwllivalcJ 
in  this  country.  The  plant  grows  wild  in  open  grassy  "fields  dur- 
ing August  and  September,  h  is  not  found  in  the  mountains  to 
any  extent,  and  is  never  found  in  the  woods  or  on  trees  or  fallen 
trunks.  The  color  of  die  stifw  and  the  upper  surface  of  the 
pileus  varies  from  whitisli  to  a  drab  color,  but  iht*  color  of  the 
gills  is  at  tirst  pinkish  and  then  of  a  brownish -purple,  which  is 
an  important  character,  the  color  being  due  to  the  s|Kjrcs.  The 
stipe  is  cylindrical  an<l  solid,  and  a  little  more  than  half  way  up 
is  furnished  with  a  membranous  band  known  as  the  ring.  There 
arc  no  ap]>en<lages  at  the  l>ase  of  the  stipe,  which  appears  to  rise 
directly  out  of  the  ground.  Before  the  pileus  is  fully  cxpandtnl  a 
veil  extends  from  its  border  to  the  stii>e,  which  when  rupture<I 
leaves  a  jwrtion  attached  to  the  stipe,  and  it  is  this  which  consti- 
tutes the  ring.  The  ring  slirinks  ntore  or  less  in  older  specimens 
but  usually  leaves  a  mark  indicating  where  it  has  been  forme<l. 

Poisonous  Fungi. — There  are  two  of  thr  poisonous  group 
of  ftmgi  which  are  very  ciimmon  and  which  have  some  resem- 
blance to  the  edible  mushroom  just  described,  namely,  the  fly 
agaric  (Auuuiita  muscarta)  and  the  deadly  agaric  {Amanita  phal' 
Utiiics)  { I'ig.  .21,  illus.  2\.  The  fly  agaric,  while  more  abundant 
in  some  localities  than  the  common  edible  mushroom,  is  seldom 
found  in  grassy  pastures,  but  more  generally  in  ]KK>r  soil.  es()e- 
cially  in  groves  of  coniferous  trees.  It  ocairs  singly  and  not  in 
groups.  The  gills  are  always  while:  the  stipe  is  white,  hollow 
and  provided  with  a  ring  at  the  top.  and  the  base  is  bullwus.  hav- 
ing fringy  scales  at  the  lower  part.  The  pileus  is  yellow  or  orange 
and  sometimes  re<ldish;  the  surface  is  smooth,  with  prominent, 
angular,  warty  scales,  which  can  be  easiU'  scraped  off. 

The  deadly  agaric  (Fig.  21.  illus.  2)  somewhat  resembles  the 
fly  tigaric  and  also  differs  from  the  common  mushroom  in  not 
usually  growing  in  pastures.  It  ocairs  singly  but  not  in  groups, 
in  woods  and  tmnlcrs  of  fields.  The  gills  an<l  stipe  are  white, 
the  latter,  when  yotmg.  having  a  number  of  mycelial  threads 
running  through  it.  The  base  is  quite  bulbous,  the  upper  part  of 
the  bulb  having  a  sac-like  membrane  calletl  the  volva.  The  pileus 
may  vary  from  any  shade  of  dull  yellow  to  olive,  although  some- 
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limts  it  is  shiny  and  white.  While  it  does  not  possess  llic  warty 
scaU-s  found  in  the  Hy  agaric,  it  has  occasionally  a  few  mem- 
branous patches. 

Identification  of  Edible  Fungi. — Various  rules  have  been 
given  lor  dislinguisliing  tlic  edible  from  the  non-cdiblc  fungi, 
many  of  wliich  are  practically  worthless,  but  the  following  '  which 
have  been  formulated  by  Professor  William  G.  Karlow,  arc  well 
worllu-  the  attention  of  the  amateur  collector: 

**  I.  Avoid  fungi  when  in  the  button  or  unexpandetl  stage; 
also  those  in  which  tlie  llesh  lias  begun  to  decay,  even  if  only 
slightly, 

"  3.  Avoid  all  fungi  wliicli  have  stalks  with  a  swollen  base 
surrounded  by  a  sac-like  or  scaly  envelope,  especially  if  the  gills 
are  white. 

"3-  .\void  fungi  having  a  milky  juice,  unless  the  milk  is 
reddish. 

"  4.  Avoid  fungi  in  which  the  cap.  or  pileus,  is  thin  in  propor- 
tion to  the  gills,  and  in  which  the  gills  are  nearly  all  of  equal 
length,  especially  if  the  pileus  is  bright  colored. 

"  5.  Avoid  all  tube-bearing  fungi  in  which  the  tlesh  changes 
color  when  cut  or  broken  or  where  the  mouths  of  the  tubes  are 
reddish,  and  in  the  case  of  other  tube-bearing  fungi  experiment 
with  caution. 

"6.  Kungi  which  have  a  sort  of  spider  web  or  flocculent  ring 
rouiul  the  upper  part  of  the  stalk  should  in  general  be  avoided. 

"  Rules  1,  2,  and  5  may  for  the  beginner  I>e  regarded  as  abso- 
lute, with  the  exception  to  rule  2,  Amanita  Cfcsana.  the  gills  of 
which  are  yellow.  Rules  3.  4,  and  6  have  more  numerous  excep- 
tions, hut  these  rules  should  lie  followed  in  all  cases,  unless  the 
collector  is  content  to  experiment  first  with  very  small  quantities 
and  Icam  the  practical  result." 

Economic  Uses  of  Fungi. — .\  large  number  of  the  Fnngi, 
paniciilarly  of  the  Basidiomycctes.  arc  usc<!  for  food.  Tlicre 
arc,  however,  only  a  few  of  these  which  enter  the  market.  These 
are  derived  chiefly  from  A}:aricus  cam/*cstris  (Fig.  21.  illus.  t) 
and  Agaricus  an'etisis.  although  some  other  species  of  .'\garicus 
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as  well  as  MorchcHa  escuknta  (^Fig.  21,  illus.  4)  furnish  excellent 
products  and  are  cultivated  to  a  limited  extent.  The  *'  truffles" 
of  the  market  arc  luber-like  masses  formed  under  ground,  which 
consist  of  the  ascocarps  of  certain  Tuberacea,  one  of  the  sub- 
groups of  the  Ascoiiucelcs,  and  which  are  used  as  a  condiment 
and  sometimes  roasted  like  iMjtatoes.  Tiickahoc  or  "  Indian 
bread  "  is  also  proiluced  under  ground  and  consists  apparently 
of  the  fungus  Pachyma  Cocos  and  the  roots  of  Liquidambar,  the 
tissues  of  which  have  I>een  changed  into  a  com|jouml  resuiiibling 
pcclic  acid  by  the  fungus.  Quite  a  number  of  Fungi  have  been 
used  in  medicine,  as  Claviccps  purpurea  (Fig.  19J,  I'olyporus 
officmaJis  and  other  species,  and  various  species  uf  Lycoperdon, 
A  number  of  species  are  used  in  n^aking  surgeon's  agaric  ( Fungus 
chinu^orum)  formerly  used  as  a  hemostatic,  including  Lycoper- 
don boiista  and  Polyporus  fomcntarius.  Many  of  them  yield  very 
toxic  principles,  as  ( I )  several  species  of  Amanita  which  contain 
muscarine  or  an  allied  alkaloid:  {2)  Lac/arius  pipi-nUus  and 
others  which  yield  liigld)-  poisonous  resinous  jirinciples.  Other 
uses  of  Fungi  have  been  mentioned  umler  the  several  groups. 

UsTiL.\c.iNE.E  an<l  L'REr>iNE.E. — There  are  two  groups  of 
F'ungi  of  considerable  economic  interest  which  by  some  writers 
are  classed  by  themselves,  and  by  others  placed  with  the  Bastdio- 
mycelcs.  Tliese  arc  the  Ustilagineae.  or  Snmt  Fungi,  and  the 
Uredinese,  or  Rust  Fungi. 

The  Smut  Fungi  are  para^ttc  on  higher  plants.  The  myce- 
litim  penetrates  the  tissues  of  the  host,  but  does  not  seem  to 
cause  cither  disease  or  malformation  of  the  plant.  Injury  to  the 
hofit  results  only  after  the  develoimient  of  resting  spores.  The 
mycelia  are  hyaline,  more  or  less  branched,  and  finally  become 
septate.  They  send  short  branches.  c;dle<l  hausloria.  into  the 
cells  of  the  host,  from  which  they  obtain  nourishment.  Event- 
ually the  mycelium  becomes  m\ich  branched,  compact  and  more  or 
less  gelatinous  through  a  transformation  of  the  hyphal  walls, 
forming  gall-like  swellings  or  blisters  on  the  host.  Spores  are 
formed  within  this  gelatinous  mass  at  the  ends  of  the  branches 
of  the  myceliimi.  At  a  later  stage  the  smut  loses  its  gelatinous 
character,  the  mass  breaks  up.  and  the  spores  are  freed  and  dis- 
tributed as  a  dry.  dusty  powder.     The  spores  (primary  conidia) 
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arc  somewhat  spherical  or  ellipsoidal,  and  are  generally  separate, 
but  are  sometimes  united  into  a  mass  forming  the  so-called 
"  spore  bails."  These  are  resting  spores  and  upon  {germination 
(Fig-  23)  produce  a  proniycelinni  or  basidium  which  becomes 
septate  and  from  each  cell  of  which  conidia  called  sporidia  arise. 
The  sporijlia  are  formed  in  succession  one  after  another  and  the 
pror-'-;';  .-ontiinies  for  some  time.     On  iierminalion  they  hud  like 


Fli:^.  11.    Cora  smut  iL'iliiata Ma^xiis'>  nhavnne  srvenl  KalMikr  massrs  nf  smut 
full  of  tpfjnt. 

yeast,  forming  new  conidia,  or  when  nutrition  is  not  abun<Iant 
they  may  form  a  mycelium,  which  is  usually  the  case  when  they 
germinate  on  a  host  plant. 

Com  Smut. — (^ne  of  the  Smut  Fungi,  namely.  UstHago 
Ma\dis.  which  develop*  nn  Indian  corn  (Fig.  22),  is  used  in  medi- 
cine. It  forms  rather  large  gall-like  masses  on  all  parts  of  the 
plant,  including  the  root,  stem  and  leaves,  and  both  staminate  and 
pistillate  flowers.  The  spores  fFig.  23)  are  at  first  a  dark  olive- 
green,  bill  on  maturity  are  dark  brown.  They  are  suli-spherical, 
have  prominent  spines,  and  vary  from  8  to  15  microns  in  diameter. 
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Thcv  tlo  uot  germinate  at  once,  but  on  keeping  them  far  six 
monlhs  to  a  year  they  germinate  reatlily  on  a  culture  medium 
of  pijtatu.  ;in(l  retain  their  power  of  germination  for  years. 

Rust  Fungi. — The  KusL  Fungi  are  parasitic  on  higher 
plants  and  produce  a  thread-hke,  branching,  cellular  mycelium, 
which  develops  in  the  tissues  of  the  host.    Tliey  differ  especially 
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P]'i.  9).  Spores  of  various  Smuts,  i,  L'sliiat"  hftgititma  gmviag  on  Ihent^mta'ioW' 
grtM  i/'ittuciUiria  amfTiaina't.  2.  L'siUat/f  Xfaydit  frum  In'iianoorn  iZea  Maytn  3,  Vititat^ 
OtaluUt  lilt  ihn  ycllnw  wtMjil-Borrcl  ('.'niJu  ttrieta),  4,  UtHiota  mtrienieta  on  Uw  Penn«)d' 

Genniniiilon  nt  9[H>re«  of  Smuts.  5.  UriUato  utricmtosa.  in  WRter,  showios  pn»nycelium 
and  trajri'tia.  "  Difoiiavstti  i*paca  tTtim  the  brnftd-leave'!  arn>w-h«a(l  (SagiiUtrui  tatifotia) 
in  wfttcr.  »|)it«'infi  iiTomycclium.  sporidia,  kmi  Beoondary  »pori<iia  which  are  fAlHnR 
ofl;  7,  Vtiilaga  avfHtr  imm  o*t  lAvema  jofi'ra)  in  hone  iIuok-  thowtoK  promycetiiun.  mud 
bttcrml  "iiifwtiofi  IhrrailB"  or  hyphte,  8.  BP"">"»tioti  of  a  «|wn<)ium  of  Utttlago  Sitrgk* 
into  itn  tnfvclt<i(i  thfvai!.  u.  Niititll  purtion  of  a  icruup  of  scoridia  drveluifcd  from  t^rui^}** 
Criiuni  of  Ti^lyptysfitT^ium  tritttauti  in  putalit  aiwi.  'o.  ctijhs  M«Hon  of  cpiftttyl  of  linxim- 
com  infcctMl  tiy  VsiHato  Sorgkt  shoVma  mycetium  ratnifvinK  throueh  pAreachyina  cells 
at  thtf  Kortvi- — After  ClinMm 


from  the  otlicr  Kungi  in  producing  resting  spores  known  as 
TEl.ElTosroRES.  Thcsc  spores  consist  of  one  or  more  cells  sur- 
rounded by  a  thick  black  wall,  and  they  produce  the  '*  black  rust  " 
seen  on  foliage  at  the  end  of  ttie  season. 


GROUPS  OF  PLANTS. 


37 


Wheat  Rust. — The  most  important  member  of  the  Rust 
FunRi  i>  Puccinia.  of  which  there  are  a  larjje  number  of  species 
that  arf  destructive  to  economic  plants  as  wheat,  plum,  cherry, 
red   currant,   etc.     The  one   whose   life   history   has   been   best 
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in;  und  vivin?  n'M  to  a  prumyccliuin  (p)  antl  aporSdia  i\\\  B.  n  few  le^vu  of  tutrbcrry 
ntuckiyl  by  sporirlia  which  h'vp  Hh*  to  tho  scidla:  C.  Irans^'crsc  6«1»on  thrauuh  har- 
bcTTY  leaf  ithuHriDfc  three  cup-like  tcceptadct  (sccidU)  v^x  Ihe  VtwtT  turfavc  of  the  leaf  cun- 
tainintc  p«rp<mdicalnr  vyff%  of  ooniilia  riecMlotpom) :  D,  «crminatinR  ircidio»r>orc  '»n 
wheal;  E.  wheat  plant  attacked  by  s^tdioapona  aa  abown  by  th«  cloRKatcd  btotch«a  <hi 
tba  iRiva:  F.  ctdb*  smrtkin  of  leaf  of  wheal  showinit  on  the  upper  surface  Ihe  nisi  spores 
whicb  are  bnaluna  through  the  cpidctmal  layrr  (r);  G.  ntnnior  aporcs  {uredostnrv»> . 
H,  taleutOAporei  or  winter  ajxina  formed  oo  wbMt  Icaif.^Aftcr  Dodd-Pon. 

stiidletl  is  the  wheat  rust  (Puccinia  grami\iis),  whicli  requires 
two  Oiflfcrent  plants  to  complete  its  life  history,  namely,  wheat 
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and  barberry.  The  teleiUospores  or  "winter  spores"  (Fig.  24. 
>/),  as  tlity  are  called,  because  of  their  carrying  the  life  of  the 
plant  over  the  winter  season,  consist  of  two  cells.  These  spores 
persist  on  the  leaves  and  stems  of  wheat  over  winter  and  in  the 
spring  they  germinate  ( i'ig.  24.  A).  From  each  cell  a  mycelium 
(promycehum  or  basidiiini)  consisting  of  two  to  four  cells  arises 
(Fig.  J4,  A.  fi),  and  from  the  tip  of  each  branch  of  the  promy- 
cehum a  spore  known  as  a  s[joridiuni  develops  (Fig.  24.  A,  s). 
The  sporidia  are  scattered  by  the  wind  and  when  they  fall  on 
the  barberr\  leaves  (Fig.  24.  B)  tlicy  gerniinalc.  producing 
a  dense  mass  or  mycelium  which  penetrates  into  the  tissues 
of  the  host. 

Sooner  or  later,  just  within  the  undersurface  of  the  leaf,  there 
is  formed  a  more  or  less  spherical,  dense  mass,  which  grows  out- 
ward, breaking  through  the  surface,  forming  a  cup-like  receptacle 
known  as  an  aecidiiuii  (Fig.  24,  C).  The  secidia  or  cluster  cups, 
are  orange  or  yellow  and  arc  filled  with  iHriMrndicular  rows  or 
chains  of  spores  which  arise  from  the  basidium-like  mycelium 
below.  The  spores,  which  have  received  the  name  .ecidiospobes, 
are  somewhat  spherical  or  polyhedral,  and  contain  a  reddish- 
yellow  oil.  They  are  scattered  by  the  wind  and  falling  upon  the 
wheat  plant  (  Fig.  24.  7: )  germinate  immediately,  fonning  a  dense 
mycelinni.  At  first  it  produces  what  is  known  as  a  "  smnmer 
spore,"  or  UKEtxisi'ORE  (Fig.  24,  G),  giving  ri.se  to  the  reddish- 
brown  spots  and  stripes  on  the  leaves  and  stalks  of  the  wheat 
plant.  The  uredo&pores  are  onc-ceUe<l.  and  arc  carried  by  the 
wind  to  other  wheat  plants,  thus  rapidly  spreading  the  disease. 

The  uredospores  arise  in  much  the  same  way  as  the  teleuto- 
spores  (  Fig.  24.  H )  which  form  brown  patches  later  in  the  sea- 
son, and  which  have  l>een  alrea4ly  considered.  The  teleutosi«res 
last  over  winter  on  the  old  wheat  plant,  and  in  the  .spring  Ijegin 
again  the  life  cycle  of  the  ni.st.  The  plant  which  resuhs  from  the 
gennination  of  a  teleutospore  gives  rise  to  sporidia  which  are 
carried  to  the  barberry  leaves  where  ^ecidiosporcs  arc  pro<lnced. 
The  latter  are  then  carrietl  to  growing  wheat,  forming  first  uredo- 
spores and  later  teleutosijorcs.  It  should  be  remembered  that 
these  are  all  asexual  spores.  In  regions  where  there  are  no  bar- 
berry plants  to  act  as  host  the  secidiosporc  stage  is  omitted. 
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UCUEVS. 

General  Characters. — The  Lichens  are  a  peculiar  group  of 
planu  in  tliat  an  individual  lichen  consists  of  both  an  alga  called 
a  Go.NMDifM  and  a  fungus.  These  are  so  intimately  associated  that 
they  appear  to  be  mutually  beneficial,  and  such  a  relation  is  known 
as  svsiBiusis  (Fig.  25).  The  Alga:  which  may  be  thus  asso- 
ciated in  the  Liclicns  are  iliose  members  of  the  P-Iuc  and  Green 
AIgs  which  grow  in  damp  places,  as  Pleurococcus.  Xosioc.  Lyng- 
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ri».  >$.  Lt^MU  thowinc  manner  of  union  of  alKcr  or  goniili*  (g)  ami  I'.yiihx  <h> 
of  PutiKi.  A.  P^HTWuccMi,  fthowins  the  nrntiner  in  whidi  hyi>li£r  penetnte  the  cell  anil  iii> 
Kitenor  cell  diviflion;  S,  Seyionnna.  an  iklga  ituiTDiindcd  by  richly  tmnching  hyphir,  C. 
chsin  ut  iViuror  shoK'inji  tiy;)ha  o(  (ungus  iKnctratintt  d  Urge  coll  known  an  •  betencyst. 

D,  (ufiskl  hyphiE  have  penetnted  the  cells  of  GUrocapsa  a  Muc-grwfi.  unicellular  aijiB. 

E,  ChUtfOKVCMm.a  reddish  or  yc'Io^'ifth  alga  found  in  Cladcnia  furcaia,  the  cells  of  whicti 
are  ^urroumled  by  the  short  hyphw  of  the  (ungus,— A.after  Medhmtl.  B-[^.  after  Domct, 

bya.  etc.  (Fig.  35).  The  Fungi  which  occur  in  this  relation 
belong  both  to  the  Ascomycetes  and  Uasidiomycetcs  and  it  is  on 
the  characters  of  the  faiit  bo<lics  of  these  particular  Fungi  that 
the  main  divisions  of  Lichens  arc  based.  The  Iningi,  however,  arc 
not  known  to  exist  independently  of  the  Algx  with  which  they 
are  associated,  that  is.  the  mycch'a  of  tlie  fungi  will  not  live  for 
any  length  of  tiine  unless  they  come  in  contact  with  a  suitable 
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alga.  In  its  development  the  fungus  forms  a  mycelium  which 
encloses  the  alga,  the  growth  of  which  latter  is  not  hindered.  The 
two  organisms  then  continue  to  grow  simultaneously  forming 
lichen  patches.  A  section  of  a  lichen  shows  a  differentiation  into 
several  parts,  namely,  a  more  or  less  compact  row  of  cells  on  both 
surfaces  forming  two  epidermal  layers ;  and  an  inner  portion  made 
up  of  the  hyphal  tissue  of  the  fungus  in  which  the  alga  is  embed- 
ded either  in  a  single  layer  or  throughout  the  mycelium.  The 
mode  of  growth  and  branching  is  influenced  largely  by  the  fungus, 
although  in  some  cases  the  alga  may  exert  the  most  influence.  In 
some  cases  the  Hchen  consists  of  a  thallus  which  is  irregular  in 
outline,  growth  taking  place  at  no  definite  point,  and  in  other 
cases  branches  which  are  more  or  less  regular  are  formed,  growth 
taking  place  at  the  apex. 

Groups  of  Lichens. — According  to  the  manner  of  growth 
and  the  manner  of  attachment  to  the  substratum  three  principal 
groups  (Fig.  26)  of  lichens  are  distinguished:  namely,  (i)  Crus- 
taceous  Lichens,  where  the  thallus  adheres  closely  to  the  stones 
and  barks  of  trees  and  practically  can  not  be  removed  without 
injury;  (2)  Foliose  Lichens,  or  those  which  are  more  or  less 
flattened,  somewhat  leaf-like  and  attached  at  different  points;  (3) 
Fruticose  Lichens,  or  those  which  are  attached  at  a  particular 
part  of  the  thallus,  and  form  diffusely  branching  clumps.  To  this 
latter  group  belongs  Cetraria  islandica  or  Iceland  moss  (Fig.  26, 
illus.  5 )  which  is  used  in  medicine,  Usnea  barbata  and  the  red- 
fruiting  Cladonias  which  are  so  common  (Fig.  26,  illus.  2). 

Reproduction  in  the  Lichens  takes  place  in  several  ways.  In 
all  of  them  there  is  a  vegetative  mode  by  means  of  what  are 
known  as  soredia.  These  are  small  spherical  bodies  consisting  of 
a  group  of  algal  cells,  which  are  surrounded  by  a  mass  of  hyphse, 
and  which  when  cut  off  from  the  main  body  are  able  to  grow. 
Lichens  also  produce  spores  of  a  number  of  kinds.  In  the  largest 
group,  the  one  to  which  Cetraria  fFig.  26.  illus.  5)  belongs,  the 
spores  are  found  in  special  spherical  receptacles,  known  as  v\c- 
NiDtA.  which  are  formed  on  the  teeth  of  the  margin  of  the  thallus. 
The  spores  arise  from  the  ends  of  hyjihre  at  the  base  of  the  pyc- 
nidia  and  are  in  the  nature  of  conidiospores.  To  these  spores 
the  name  rYCxocoNiDiA  has  been  applied,     Cetraria  also  pro- 
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Some  of  those  used  in  medicine,  are  also  used  as  foods  on  account 
of  the  gelatinous  carbohydrate  lichenin  which  they  contain.  Be- 
sides those  given  the  following  may  be  mentioned:  Chdonia 
rangiferina  (reindeer  moss),  Lecanora  esculenta  (supposed  to  be 
the  manna  of  the  Israelites.  The  Lichens  are,  however,  chiefly 
of  interest  because  of  the  coloring  principles  which  they  contain. 
Roccella  ttnctoria,  Lecanora  tartarea,  and  other  species  of  Leca- 
nora, yield  upon  fermentation  the  dyes  orcein  and  litmus,  tlie 
latter  of  which  finds  such  general  use  as  an  indicator  in  volu- 
metric analysis.  Cudbear,  a  purplish-red  powder,  is  prepared  by 
treating  the  same  lichens  with  ammonia  water ;  while  in  the  prep- 
aration of  orchil,  a  purpHsh-red  pasty  mass,  sulj^uric  acid  and 
salt  are  subsequently  added.  A  number  of  species  contain  a  yel- 
low coloring  principle,  as  Zeora  sulphurea,  Zeora  sordida,  Lccidca 
geographica  and  Opegrapha  epigeea. 

BACTERIA. 

The  Bacteria,  or  Fission  Fungi,  occupy  rather  an  anomalous 
position,  some  writers  classifying  them  with  Fungi  and  some 
with  Algse.  They  are  i -celled  plants,  microscopic  in  size,  and 
of  various  shape.  The  contents  consist  of  protoplasm  and  a 
central  body  in  some  cases,  which  is  looked  upon  as  a  rudimentary 
nucleus.  They  are  more  or  less  colorless,  but  sometimes  produce 
a  distinct  pigment  called  bacteriopurpurin  which  is  rose-red 
or  violet,  and  occasionally  a  chlorophyll-green  color  substance. 
They  are  capable  of  multiplying  by  division  in  one,  two,  or  three 
directions,  and  under  favorable  conditions  increase  very  rapidly 
in  number.  The  wall  is  more  or  less  albuminous  in  character,  in 
this  respect  resembling  the  wall  of  the  animal  cell,  and  is  provided 
with  one  to  many  cilia,  or  flagella,  the  number  and  position  of 
which  have  been  used  as  a  basis  of  classification.  Sometimes  the 
walls  of  the  cells  become  mucilaginous,  so  that  the  bacteria  hold 
together  forming  a  mass  known  as  a  zoogloea.  Bacteria  may  form 
resting  spores  which  arise  in  two  ways.  In  one  case  the  contents 
round  off  and  take  on  a  membrane  forming  a  so-called  endo- 
spore;  in  the  other  case  the  plant  body  is  transformed  directly 
into  a  spore  known  as  an  arthrospore,  afe  in  some  of  the  Bkie- 
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green  Algx.    This  body  is  not  strictly  a  spore  but  is  in  the  nature 
of  a  resting  cell  (Fig.  26a). 

Occurrence. —  Bacteria  occur  everywhere  in  nature,  and 
play  a  iDost  important  part  in  decay  and  putrefaction  in  that  they 
change  dead  animal  and  plant  tissues  back  again  into  simple  inor- 
ganic  substances,  as  carbon  dioxide,  water,  aintnonia,  etc.    They 
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Pir..  /»a.  Uaciiita  iN^dfiJ  (hay  bacillus).  «.  Sin&U  rod'Hke  onmnuiins  such  u  arc 
ftmni]  in  an  iiUutKm  of  hay,  ui  hciitillonj  b.  soAtll^r*  or  nuMs  tA  bacilli  forming  The  "  stio  " 
00  tho  tiir^acr  of  mtiMiont:  c.  chaint  of  orsftniamt  forming  fpoTM;  d,  individual  bbCiOi 
4hovmK  Hajtvlla,  which  air  only  sera  after  staining. — After  MiruU. 


serve  a  iistriul  purijosc  in  many  technical  operations,  as  in  the 
tiiaking  of  cheese,  acetic  acid,  fermentation  of  tobacco,  curing  of 
vanilla  and  many  vegetablt-  drugs,  and  in  soil  nitrification,  helpitig 
to  change  ammonia  into  nitrates — ^one  of  the  sources  of  the  nitro- 
gen useil  by  plants  (see  page  98).  Many  of  them  arc  disease* 
producing,  or  pathogenic,  and  are  the  cause  of  a  number  of  infec- 
tious diwases  in  man  and  the  lower  animals,  and  plants  as  well. 
They  are  injurious  in  two  ways,  in  one  case  they  consume  the 
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tissues  of  the  host,  as  in  tuberculosis,  and  in  the  other  they  pro- 
duce powerful  poisonous  substances,  or  toxins,  as  in  diplitheria. 
Classes  of  Bacteria. — In  order  to  study  Bacteria  they  are 
^own  upon  nutrient  media^  such  as  sterile  bouillon,  potato,  milk, 
etc.  They  are  divided  into  a  number  of  classes,  depending  for 
the  most  part  on  the  shape  of  the  cell :  ( i )  The  Sphserobacteria, 
or  Cocci,  are  those  whose  cells  are  spherical  or  spheroid,  and  in 
which  division  takes  place  in  one,  two  or  three  directions  of  space. 
\'ery  few  of  the  group  are  provided  with  cilia.  According  to  the 
number  of  cells  in  a  colony  they  are  distinguished  as  Micrococci, 
Diplococci,  etc.  (2)  Bacteria  proper  are  elongated,  rod-shaped 
organisms  in  which  division  occurs  in  only  one  direction,  namely, 
transversely  to  the  long  axis,  and  only  after  a  preliminary  elong- 
ation of  the  bacterium.  The  Bacteria  are  subdivided  into  two 
important  groups,  namely,  Bacterium  and  Bacillus.  The  Bacilli 
are  motile  organisms  and  produce  endospores  (Fig.  26a),  whereas 
the  Bacteria  are  non-motile  and  do  not  usually  produce  endospores. 
(3)  Spiral  bacteria  constitute  the  third  principal  group  and  are 
characterized  by  the  cells  being  spirally  coiled.  Division  is  in 
only  one  direction.  These  bacteria  are  usually  motile,  and  seldom 
produce  endospores.  (4)  There  is  another  important  group 
which  includes  the  Sulphur  Bacteria,  of  which  the  most  common 
one  is  Beggiatoa.  These  occur  in  long  threads,  and  move  in  an 
undulating  manner  much  like  Oscillaria,  one  of  the  Blue-green 
Algae.  They  are  found  in  sulphur  waters,  as  in  sulphur  springs, 
and  contain  sulphur  granules. 

ARCHEGONIATES. 

The  two  main  features  which  distinguish  the  Archegoniates  from 
the  Thallophytes  are  the  structure  of  the  sexual  organs  and  the  dis- 
tinct manner  in  which  the  peculiar  phases  known  as  alternation  of 
generations  is  shown.  The  antheridium  or  male  sexual  organ  is  a 
well  differentiated  multicellular  body  which  is  either  sunk  in  the 
adjacent  tissues  of  the  plant  or  is  provided  with  a  stalk.  Within 
it  are  organized  the  sperms  or  spermatozoids.  which  are  ciliate 
and  swim  freely  in  water.  Corresponding  to  the  oogonium  of 
the  Thallophytes  is  the  .\rchegoniuxi  or  female  sexual  organ 
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whicli  gives  name  to  the  group.  The  archegonium  is  a  flask* 
sliapcd  cellular  body  cun^iisting  of  a  ba.sa]  portion  or  venter, 
which  cutuains  a  single  egg,  and  a  neck  through  which  the 
sperms  enter  (Pigs.  J2,  34 J. 

In  the  life  history  of  this  group  of  plants  there  are  two  gen- 
erations or  phases  of  development.  During  one  stage  the  arche- 
goniunt  ant!  atithcridium  are  developed  an<l  this  is  known  as  tlie 
sexual  generation,  and  as  these  organs  give  rise  to  gametes  or 
sexual  cells  it  is  also  spoken  of  as  the  c^MEfoFHVTK.  By  the  union 
of  the  sex  cells  (sj)emi  and  egg)  an  oospore  is  formed  which 
germinates  at  once  within  the  archegonium.  ITiat  portion  of  the 
plant  which  develops  from  the  O(3spore  gives  rise  to  asexual  spc»res 
and  hence  this  phase  is  called  the  asexual  generation.  It  is  also 
sixikcn  of  as  the  sitJKoriivTE  from  the  fact  that  it  gives  rise  to 
s|>orcs.  These  spores  are  in  the  nature  of  resting  sjwres  and  do 
not  germinate  on  the  plant  as  does  the  oospore.  Tliey  are  dis- 
trilmied  and  on  germination  give  rise  to  the  gamctophytc  stage. 

In  some  of  the  /Vrchegoniates  tliese  two  phases  are  combined 
in  one  plant  as  in  the  Brvi^pliytes,  whereas  in  otlier  members  of 
the  group  the  two  phases  are  represented  by  two  distinct  plants, 
that  is.  the  ganietopliyte  and  sporophytc  become  independent  of 
each  ulher.  as  in  the  Ferns. 

The  following  table  shows  the  main  divisions  and  subdivisions 
of  ihc  Archegoniates ; 


Bryophytes |Hcpatica:  (Liverworts). 

iMusci  (Mosses). 


Archegoniates 


Ptcridoph)'tes. . . 


Filicales  (Ferns). 
Kqiiisetales   (Horsetails). 
Lycopodiales  (C'hib  Mosses), 


BKVOfllVTES. 


The  strticture  of  the  sexual  orgims  in  the  Liverworts  (Fig.  27) 
and  Mosses  (Fig.  32)  is  essentially  the  same,  but  the  vegetative 
organs  are  more  or  less  dissimilar.    In  the  Liverworts  the  plant 
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body  or  thallus  lies  more  or  less  close  to  Ihe  substratum  or  rises 
somewhat  obliquely,  whereas  in  tlie  Mosses  the  part  wc  desiicfnatc 
as  the  plant  is  in  all  cases  an  upright  leafy  hrancli.  The  moss 
l)Iant  is  said  to  have  a  radial  structure  from  the  fact  that  the 
leaves  radiate  from  a  central  axis,  while  in  the  Liverworts  the 
tiiallus  is  tlorsiventral,  that  is.  as  a  result  of  its  habits  of  growth, 
it  is  characterized  by  fiaving  a  distinct  upper  and  lower  surface. 
The  Life  History  of  this  group  of  plants  may  probably  be 
best  illustrated  by  fonowinff  that  of  a  moss  ]jlant.  Beginniiif; 
with  the  germination  of  an  asexual  spore  which  is  microscopic  in 


Fig.  >7-  A  common  mo«s  {Funaha).  A.  Rerminatins  ipores:  v,  Tanjole:  w.  foo^ 
liftir:  ft.  csoaporc.  U,  protoncnu  about  ihnc  weeks  xftct  KerminBtion-  h,  rnucumbcnt 
ptim»ry  atiQot ;  b,  Kscendltix  branch  ol  Ifnuted  tiroAth ,  K,  bud  or  rudiment  of  a  Icaf-bcarins 
axis  with  nxit-bair  (w). — Aflo-  Sacha. 

size  and  which  germinates  on  damp  earth,  there  is  produced  an 
alga-like  body  consisting  of  branching  septate  filaments,  which  is 
known  as  the  protonema.  or  proihallus  (Fig.  27).  The  Proto- 
nema  lies  close  to  the  surface  of  the  ground  and  is  more  or  less 
inconspicuous  except  for  the  green  color.  From  the  lower  por- 
tion thread-like  processes,  or  rhizuids  consisting  of  a  row  of  cells, 
are  developed,  which  penetrate  the  ground.  Sooner  or  later  lateral 
buds  arise  from  some  of  the  lower  cells.  Growth  continues  from 
an  apical  cell  which  divides  and  gives  rise  to  cells  that  differentiate 
into  stem  and  leaves,  forming  an  upright  branch,  which  consti- 
tutes the  structure   commonly   regarded   as   the  "  moss-plant  '* 
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in  lieight.  At  the  tip  of  the  branch  the  anthcridium  (Fig.  32,  A) 
ami  arcliegoiiiiini  (Fig.  ^2,  B)  are  formed.  These  organs  are 
(leveli)iK'(l  in  among  ihc  leaves  and  certain  hain*  processes,  known 
as  paraphyses  (  Fig.  32.  ^ ) ,  They  may  both  occnr  at  the  end  of  one 
branch  [^'ig.  32.  C")  or  tliey  may  occnr  on  separate  brandies 
(I'ig-  32.  O),  when  the  plants  are  said  to  be  nioncecious,  whereas 
when  these  organs  occur  on  separate  plants  (Fig.  32.  A.  B)  the 
plants  are  caller)  dioecions.  In  the  case  of  dicecious  plants  the 
plant  bearing  the  antheridiiini  is  frequently  smaller  and  less  com- 
plex than  the  one  pro<hicing  the  archegoninni.  As  already  stated 
the  archegoninni  proiliices  the  egg-cell  or  female  gamete  (eg^) 
and  the  antheridium,  the  sperm  cell  or  male  gamete  (sperm). 

The  sperms  in  the  Itryophjtes  are  more  or  less  filiform  and 
are  provitled  with  a  pair  of  cilia  at  one  end.  The  antlicridia 
owing  to  the  peculiar  nntcilaginoiis  cliaracler  of  the  cells  only 
open  when  there  is  an  abundance  of  moisture,  when  t!ie  spenns 
are  dischargetl  and  move  about  in  the  water,  some  being  carried 
to  the  archegoninni.  which  likewise  opens  only  in  the  presence  of 
moisture.  With  the  transferral  of  the  sperms  to  the  archegonium 
and  the  union  of  one  of  these  with  the  egg  which  remains  sta- 
tionary, the  work  of  the  gamelophyte  may  be  said  to  be  com- 
pleted. The  act  of  union  of  the  c^^  and  sperm  is  known  as 
FERTILIZATION,  and  whcR  this  is  cfTectctI  the  next  phase  of  the 
life  history  Iwgins. 

The  egg  after  fertilization  divides  and  re-divides  within  the 
archegoniuTU  which  I)ecomes  somewhat  extended  until  finally  it 
is  niptnred.  The  dividing  cells  differentiate  into  a  stalk  and  a 
spore  case  or  sporangium  which  is  bonie  at  the  summit,  the  whole 
stnictiire  iK'ing  known  as  the  sporogomitm  (Fig.  28).  The 
ba.se  nf  the  stalk  is  cml>edded  in  the  apex  of  tlie  moss  plant, 
and  is  known  a.«t  the  foot,  it  being  in  the  nature  of  a 
haustori\im  or  nourishing  organ.  .As  the  sporogoniuni  de- 
velops antl  rises  upward  it  carries  with  it  the  ruptured 
archegoniimi  which  forms  a  kind  of  covering  over  the  lop, 
called  the  calyptra  (Fig.  28.  ca^.  At  first  the' sporangium  is 
more  or  less  uniform  hut  eventually  differentiates  into  two  kinds 
of  tissues,  the  one  being  sterile  and  the  other  fertile  (producing 
Spores),  which  latter  is  k-nown  as  the  arciiesi'orium   (Fig.  28, 
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C).  The  fertile  tissue  in  both  the  Livcnvorts  and  Mosses 
is  variously  disposed ;  sometimes  it  forms  a  single  area  and  is 
flnme  shaped,  spherical,  or  in  the  form  of  a  half  spliere.  In 
other  cases  it  is  sei)arate(l  into  two  areas  by  sterile  tissue.  The 
sterile  tissue  which  extends  up  into  the  dome-shaped  arche- 
.<poriuni.  or  which  in  oihcr  cases  separates  ihe  fertile  tissue 
into  two  pans,  is  known  as  the  columella  (.Tig.  38.  B.  C).  The 
sporangium  in  the  mosses  is  capsule-like  and  the  spores  are  dis- 
trihuted  in  three  ways:  (il  In  some  cases  the  capsule  does 
not  open,  but  when  it  decays  the  spores  arc  liberated.  (2)  In 
other  cases  the  capsule  dehisces  longitudinally  in  dry  weather 
uml  thus  the  sjxjres  arc  freed.  (3)  There  is  a  thinl  method  in 
which  the  capsule  is  providetl  with  a  lid  or  operculum  which  comes 
ofT  and  {xrrmits  the  spores  to  escape,  this  being  the  most  common 
nKihu<l  for  ihc  escape  of  the  s(H>res  (Fig.  28.  D).  In  ihf  latter 
iiist<Lnce  the  mouth  of  the  capsule  is  usually  marked  by  iine  or 
tn*o  scries  of  cells,  constituting  the  pekistome.  which  are  teeth- 
like  and  characteristic  for  some  nf  the  groups  of  mosses,  These 
teeth  bend  inwanl  or  outward  according  to  the  degree  of  moisture 
anfl  assist  in  regulating  the  clisi}ersal  of  the  spores.  In  the  sphag- 
num mosses  there  is  no  perislome.  but,  owing  to  unequal  tension 
of  the  lid  and  capsule  on  drying,  the  lid  is  thrown  ofi,  and  the 
spores  are  sometimes  ilischarged  with  consiilcrahle  force  and  sent 
to  (|iiite  a  distance  (as  much  as  10  centimeters),  in  this  way 
in.suring  their  dispersal. 

The  spores  (Fig.  28.  P.)  vary  in  diameter  from  10  to  20 
microns,  being  sometimes  larger.  They  occur  in  groups  of  four 
in  a  mother-cell,  and  the  spore-group  is  known  as  a  tetrad,  which 
is  characteristic  for  the  Bryophytes  and  the  higher  groups  of 
plants.  The  spores  therefore  vary  in  shape  from  spherical  tetra- 
liedrons  to  more  or  less  .spherical  iiodies,  depending  upon  the 
degree  of  separation.  The  contents  arc  rich  in  protoplasm  and 
oil  (Fig.  28.  P').  The  wall  consists  of  two  layers,  the  (niter  of 
which  is  either  yellow  ish  or  brown  and  is  nsually  finely  sculptured. 
At  the  time  of  germination  the  outer  wall  is  thrown  off.  and  the 
proioncma  develops  (Fig.  28.  (7>.  The  spores  may  germinate 
atmost  immediately,  or  only  after  a  considerable  |>criod.  These 
spores  are  asexual  and  each  one  is  capable  of  giving  rise  to  a 
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new  plant.  With  the  formation  and  ilts|)C'rsa]  of  the  spores  the 
work  of  this  generation  terminates,  and  this  phase  is  called  the 
sporophytc  or  asexual  generation,  from  the  fact  that  it  produces 
spores. 

Having  thus  followed  the  stages  of  development  in  the  Hfe- 
history  of  a  moss,  we  see  thai  it  is  composed  of  the  following^ 


Pic.  aq.  I>i>:l)olomoutly  brancbtng  llullu»  of  the  common  liverwort  i 
fctymorfrhai  ■tiowing  ntthor  fainlly  n«ir  *oine  of  ihe  margins  the  cu|*-Iike  'I 
which  ({enimie  (ire  bomc,  uid  •e^'enJ  srchesoniophores  at  the  upper  piirt. 

parts:  (i)  The  a!ga-like  protoncma:  (2)  the  leafy  branch  which 
gives  rise  to  an  oospore  (sexual  s^mre).  and  (  3)  the  siwrogonium 
which  produces  asexual  spores.  The  leafy  branch  is  sometimes 
spoken  of  as  the  ganietophore  (gamete-hearer),  and  it  and  tli 
protoncma  together  constitute  the  gametophyte  or  sexual  gen-1 
cration,  while  the  sporogontum  represents  the  sporophyle  or 
asexual  generation. 
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The  protoncma  sooner  or  later  dies  off  in  most  plants,  but  in 
other  cases  it  persists,  fomiing  a  conspicuous  portion  of  the 
ganictoph\'te. 

HEPATICyE. 

General  Structure. — The  Hepatic«e  or  Liverworts  (Fig. 
29)  are  usually  found  in  moist  situations.  Tlie  protonema 
formc<I  on  germination  of  a  spore  is  filiform,  and  the  plant 
body  which  develops  from  it  consists  of  a  flat,  dichoiomously- 


^tht 


Pia.  JO.  Traoavcnc  section  tbrough  the  Ihonns  oi  MaTtkamia  polymarpka.  A, 
mi<1dlc  portina  with  teaks  (ti)  Aod  riiucriOs  (b)  on  the  under  Etdc;  B,  nuntin  of  the  thftllus 
more  hishly  ni»gnifi«d. showing  eoIorfeM  rclicuUtcIy  thickened  pimichyma  (p) .  epidermi* 
o(  the  upper  side  (o).  cells  cotttoininft  chlorophyll  Ichl).  »Jr  pore  («p].  lowar  •ptdcrmia  (u). 
—Alter  GocbeL 


branching  thallus,  or  it  may  in  some  of  the  higher  forms  differ- 
entiate into  a  leafy  branch  as  in  the  leafy  liverworts.  The  thalUis, 
owing  to  its  ])osition,  lias  an  upper  and  an  under  surface  which  arc 
somewhat  dififcrent,  as  in  Marchantia  (Fig.  2fj),  hence  it  is  said 
to  be  nciKSlVENTKAi..  From  the  lower  colorless  surface  unicclhilar 
rhizoids  arise  (Fig.  30.  h).  The  upper  surface  consists  of  several 
layers  of  ceils  containing  chlorophyll  which  give  tlie  green  color 
to  the  plant. 
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\*egetalive  propagation  may  ensue  by  the  lower  portion 
of  a  branch  t\\ing  and  ihc  upper  portion  continuing  as  an  inde- 
pendent plant.  Or  special  shoots  known  as  GE^!M.K,  niay  arise 
either  on  the  margin  of  the  thallus  or  in  peculiar  cupules.  which 
when  detached  by  rain  or  other  means,  arc  capable  of  growing  and 
producing  a  new  plant. 

In  addition  the  thallus  body  produces  both  antheridia  and  arch- 
^onia  I, Fig.  ay)  which  may  rise  on  special  stalks  alxjve  the  sur- 
face. After  fertilization  of  the  egg-cell  which  completes  the  work 
of  the  sexual  generation  or  gamelophyte,  the  sporoph\-tc  develops 
producing  a  sporogonium  consisting  of  a  short  stalk  which  is 
embedded  in  the  tissues  of  the  gamctophyte.  and  a  capsule  ( spor- 
angium K  The  latter  at  maturity  dehisces  or  splits  and  sets  free 
tlie  spores,  which  are  assisted  in  their  ejection  by  spirally  banded 
cells  called  "  elaters  '*  ( I-ig.  31.  C-U ).  The  spores  on  germination 
give  rise  to  a  protonenia  which  then  develops  a  thallus  bearing  the 
sexual  organs.  \s  in  the  mosses  the  sporogonium  represents  the 
asexual  generation  known  as  the  sporophytc. 

Liverwort  Groups. — There  arc  tliree  important  groups  of 
Liverworts:  (i)  The  marchantia  group  (Fig.  29)  in  which 
the  thallus  is  differentiated  into  several  layers  and  so  somewhat 
thickened,  .\nolher  character  is  the  diversity  in  form  of  the 
sexual  organs  which  range  from  those  which  are  quite  simple  to 
those  which  are  highly  differentiated.  In  Riccia  the  sexual  organs 
are  embedded  on  the  dorsal  (upper)  side  of  the  thallus.  while  in 
Marchantia  they  are  borne  npon  special  shoots,  one,  which  has  a 
disk  at  the  apex  that  bears  the  antheridia.  known  as  the  antheridio- 
phore.  and  one,  the  apex  of  which  consists  of  a  number  of 
radiate  divisions  and  bears  the  archegonia  i  Fig.  2q1  on  the  lower 
surface,  known  as  the  archegoniophorc  ;  these  l>eing  home  on  sep- 
arate plants.  In  Riccia.  the  simplest  of  the  Liverworts,  the  spor- 
angium is  enclosed  by  the  thallus  and  the  si»res  are  not  liberated 
until  the  decay  of  the  plant. 

(2)  The  JfNr.ERMANNiA  Group,  known  as  "  Leafy  Liver- 
worts "  or  '*  scale  mosses."  includes  those  forms  which  are  more 
or  less  moss-like  and  develop  stems  and  smaH  leaves.  The  si>oro- 
gonium  has  a  long  stalk  and  the  capsule  is  4-valved,  i.e..  separates 
mto  four  longitudinal  sections  at  maturity. 
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(3)  In  the  Antiioceros  Group  (Fig.  31)  the  Kamctophyte 
is  thallus-like  and  very  simple  in  structure,  the  sexuai  orgfans  being 
embedded  in  the  thalhis.  The  sporogonimn  is  characterized  by  a 
bulbous  foot  and  an  elong;aled.  2-vaIvcd  capsule.  Like  tlie  thallus 
it  develops  chlorophyll  and  jxjssesses  stomata  resembHnjj  those 
found  in  certain  groups  of  mosses  and  higher  plants. 


k 
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Pin.  jt.  AntlwcrmS  graeiJu.  one  of  the  liverworts.  A,  tlialliu  with  4  tporogonla; 
B,  a  ripe  elonsitod  span>goiuum,  dcttiuing  longitudinaUy  uui  showinij  two  vkIvo  bccwvm 
wtdch  is  the  slcndAT  CDlumeUA;  C.  U.  K,  F.  vsrioua  forma  o(  datai;  C,  ipoiw.— Aft«r 

Schiao«r. 

MUSCL 

In  the  Mosses  the  archegonia  always  form  the  end  of  the 
axis  of  a  shoot,  whether  this  I)e  a  main  one  or  a  lateral  one.  As 
has  already  I)ccn  stated  (p.  48)  the  sexual  organs  are  sur- 
rounded by  leaves  or  leaf-like  structures,  known  as  pericha:tia  or 
perieha'tal  leaves,  and  by  hair-like  structures  or  paraphyses.  both 
of  which  are  considered  to  act  as  protective  organs.  Sometimes 
the  groups  of  sexual  organs  together  with  the  protective  organs 
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fcrcnt  kinds."  Entire  shoots  provided  witli  reserve  material  are 
cut  off  and  form  new  plants.  In  this  way  moss  carpets  arc  fre- 
quently formed  in  the  woods,  or  masses  in  bogs. 

Moss  Groups. — There  are  two  general  classes  of  mosses:  (i) 
Sph-^gnl'M  forms  arc  those  which  produce  leaves  without  nerves, 
and  in  which  the  sporogoniiim  does  not  possess  a  long  stalk  or 
seta.  What  appears  to  be  the  stalk  is  the  prolongation  of  the 
gametophyte  stem  which  is  known  as  the  pseudopodium  or  "  false 
stalk."  These  forms  arc  characteristic  of  wet  pljces.  Some  of 
the  group  as  Sphagnum  proper  form  "  sphagnum  bogs."  New 
plants  develop  on  top  of  the  old  whicli  latter  gradually  die  and 
finally  pass  into  sphagnum  peal,  which  forms  thick  masses  and 
finds  use  as  a  fuel.  (2)  The  True  Mosses  are  especially  dis- 
tinguished by  the  differentiated  character  of  the  sporogoniiun, 
which  not  only  produces  a  stalk  but  also  the  peristome  (Fig.  28. 
p  ]  which  when  present  is  of  great  importance  in  distinguishing 
the  different  species. 

Economic  Uses  of  Bryophjrtes. — The  investigations  on  the 
chemistry  of  the  Liverworts  and  Mosses  have  not  been  very 
mmierous.  The  constituents  which  have  been  found  are  in  the 
nature  of  tannin,  resins,  ethereal  oils,  glncosides,  alkaloids,  color- 
ing com|X)unds  and  organic  acids  like  citric,  oxalic,  tartaric  and 
aconitic.  In  the  mosses  starch  and  silicon  salts  are  found 
in  addition.  Several  species  of  Marchantia  and  Jungermannia 
are  used  in  medicine.  Of  the  mosses  the  following  have  been 
found  to  have  medicinal  properties:  Sf*ha^i:niim  cuspidatum, 
Grimmio  puhnuata.  Funaria  hyj^rotnetrica.  Fontitialis  antipyrt' 
tica.  and  several  species  of  Polytncfutm  and  Hyf>num. 

PTERtDOrnVTES. 


Tlie  Pteridopliytes  constitute  the  second  subdivision  of  the 
Archegf^niates.  Like  the  Bryophvtes  these  plants  show  a  distinct 
alternation  of  generations,  i.e.,  the  gametophyte  or  sexual  gen- 
eration alternates  with  tlie  sporophyte  or  asexual  generation. 
Their  rebiion  is.  however,  somewhat  changed.  In  the  Bryophytes 
the  gametophyte  is  the  most  conspieuons  and  is  looked  upon 
as  constituting  the  plant  proper,   whereas  in  the   Pteridophytes 
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the  gamctophylc  is  rather  insignificam  in  size,  while  the  sporo- 
phyte  constitutes  the  generation  or  pliase  which  is  ordinarily 
regardetl  as  tlie  planl.  In  the  liigher  members  of  tlie  Tterido- 
phytes  the  sporophyte  is  entirely  detached  from  the  ganietopiiyie 
and  is  alilc  to  lead  an  independent  existence.  This  Rroup  also 
shows  a  distinct  advance  in  structure.  There  is  a  diflfercnliation 
into  root,  stem  and  leaves,  and  the  development  of  a  system  of 
conducting  tissue  known  as  the  \'ascil.\r  svstem. 

The  I'teridophytes  include  tliree  principal  groups,  namely, 
( 1 )  Filicales  or  Ferns.  ( 2 )  Equiseiales  or  Scouring  Rushes,  and 
(3)  Lycopodiales  or  Club  Mosses,  which  differ  considerably  in 
general  appearance  and  general  morphological  characters. 

With  the  exception  of  the  sperms  in  the  Qub  Mosses,  which 
are  biciliate  and  somewhat  resemble  those  in  the  Bryophytes.  the 
s|>ernis  in  the  Pteridophytes  arc  spirally  coiled  and  nuiUicitiate. 
and  according  to  the  numlier  of  cilia  of  the  sperms  some  writers 
divirle  the  Pteridophytes  into  two  classes,  namely,  biciliate  and 
pluriciliale  (Figs.  54.  C:  43.  F). 

Some  of  the  Pteridophytes.  as  Sch^^ittella  ( Fig.  41 ) .  are  dis- 
tinguished by  the  fact  that  they  produce  two  kinds  of  asexual 
spores,  which  are  known  respectively  as  MiCKositjREs  (Fig.  41. 
F)  and  MEGASruKKS  (Fig.  41.  £).  The  two  kinds  of  spores  are 
formed  in  separate  sporangia  which  organs  may  occur  on  the 
same  plant  or  on  different  plants.  Tlie  sjwrangia  have  the  cor- 
responding names,  microsporangia  (Fig.  41)  and  megasporangia 
(P'ig.  41 1.  This  differentiation  in  sporangia  and  spores  also  leads 
lo  a  differentiation  in  the  resulting  gametophyles,  the  microspores 
giving  rise  to  gamclophytes  which  produce  antheridia.  and  hence 
called  male  gametophytes :  and  tlie  megaspores  to  gametopii>-tcs 
which  give  rise  to  archegonia.  and  hence  called  female  gameto- 
phyles. When  a  plant  profluces  both  microspores  and  mega- 
spores it  is  sai<I  to  be  HETERosrv>Rn!'s,  as  in  Sch^^itti'fh  (  Kigs.  41. 
43.  44) ;  while  one  that  produces  but  one  kind  of  sporangium  and 
one  kind  of  asexual  spores  is  said  to  be  isost»orous.  In  this  con- 
nection attention  should  he  called  to  tlie  fact  that  the  spores  from 
a  single  sporangium  of  an  isosporoiis  plant  may  give  rise  to  male 
and  female  gametophyles.  which  shows  that  a  certain  degree  of 
difFerenliation  in  the  spores  has  alrearly  taken  place.    The  causes 
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leading  to  the  differentiation  of  the  spores  seem  to  be  connected 
with  nutrition,  those  nuclei  whicli  are  in  more  favorable  positions 
ffivifig  rise  to  lari^er  anJ  l>ettcr  nourished  s^jores  which  eventually 
lead  to  the  formation  of  the  niegaspores.  and  tliose  which  are 
less  favorably  placed  leading  to  the  microspores. 

The  subject  of  helerospory  is  one  of  great  interest,  and  when 
it  is  pointed  out  lliat  all  of  the  higher  plants  arc  hetorospurous 
the  subject  has  even  more  interest. 

FILICALES. 

General  Characters.— ^n  germination  the  asexual  spore 
in  the  Filicales  or  Ferns  gives  rise  to  a  thallus-likc  body  known  as 
the  prothallus  which  is  frequently  dorsiventral  and  in  a  number 
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Pio.  33-  Male  fern  [Atpiiimm  iS'tfihrod*mm  or  PryopStris)  Filix  miu].  A,  rroUwIlus 
of  gametophytc  as  iccn  from  the  untler  (venlrul)  wde  show-ing  orchcitohia  («),  vitbeivJi« 
(■ni.  ami  rhi^oitlh  (rii).  H,  t^ithAlIiu  fthowiog  yfiutiK  nUnt  (ftrxjrophytft)  which  hju  dewU 
bfwtl  frum  an  oi^potc  uul  it  &lilt  cooneclEd  with  tbc  iiamcLot>h}'tc.  nwU  (w).  uiil  the  tint 
ImC  tb).— AXwr  Schenck. 

of  cases  somewhat  heart- shapetl,  but  varies  considerably  in  out- 
line. Ik'ing  sometimes  more  or  less  tuberous.  The  prothallus  is 
frequently  but  a  few  millimeters  in  diameter  and  the  cells  usually 
contain  cliloroplasts.  On  the  under  or  ventral  surface  rhizoids 
are  usuallv  present  (Fig.  33.  fh).  The  sexual  organs  usually 
arise  on  the  lower  surface  (Fig.  33)  but  they  may  develop  on  the 
upper  or  dorsal  surface  or  even  laterally.     A  single  prothallus 
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gives  rise  to  both  kinds  of  organs  unless  stunted  in  its  growth, 
when  it  produces  antheridia  only. 

Tlie  antheridia  either  develop  upon  or  are  sunk  in  the  tissues 
of  the  proihallus.  The  archegonia  (Fig.  34)  are  not  flask-shaped 
35  in  the  Bn,ophytes.  The  venter  containing  the  oosphere  or  egg-cell 
(Fig.  34,  t')  is  embedded  in  the  thalhis.  the  structure  being  sur- 
mounted by  a  few-celletl  neck  (Fig.  34.  /i).  The  inner  cells  of 
the  neck  are  known  as  canal  cells  ( Fig.  34.  k )  and  these  at  the 
time  of  ripening  of  the  egg  swell  and  exit  through  the  opening  of  | 
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Pic.  j4.  a.  B.  davdopewnl  at  archeeonU  of  «  fern  iPttrit)  sbowias  the  eeek  (h). 
tbe  twcfc-cmiul  etli  ik>  ftod  oOapherv  (c>.— Aftn  Stnuburirer. 

C,  ■irrciopmr'ni  of  onthchdium  in  the  Vcni»-lMir  fern  [AJuucmm  CiiptUni-Vfitmsi: 
pfottMlIwi  \i-\.  itnt)im>liuni  U).  ■[•erm  1«1.  vfiefTn  mother  crll  «-ttb  8t«rcb  grvfu  th).  I. 
imnialarv  ttAlc  ul  »at.hKhiliutn.  II,  aiiermk  devetopcri.  aiul  111.  itiachargv  o^  spenn  molber 
cell*  ami  ««eap(i  q(  coded  uul  plurtdliAM  spemu.— After  Stkcbs. 

the  archegoniuni.  through  which  then  the  sperms  enter,  one  of 
which  unites  with  the  egg.  thus  effecting  fertihzation.  The  fer- 
tilized egg  or  oospore  takes  on  a  cellulose  membrane. 

The  oJisporc  which  is  held  in  the  venter  of  the  archegonium  is 
not  3  resting  spore  but  germinates  immediately  and  early  differen- 
tiates into  llie  several  organs  (  Fig.  i$).  These  arise  independently 
and  iiKlude  a  stem-hud  (Fig.  35.  s):  a  Brst  leaf  or  cotyledon 
(Piff-  35-  '')  so  called  l)ecausf  it  does  not  arise  out  of  the  stem  as 
the  later  leaves  do;  a  first  or  primary  root  (Fig.  35.  tc) :  and 
a  fool  or  haustorial  organ  (Fig,  35,  /)  whereby  it  obtains  nutri- 
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ment  from  the  prothaDus  (Fig.  35,  f>r).  This  latter  organ  is,  how- 
ever, only  a  temporarv  provision,  for  as  soon  as  the  root  grows 
cut  and  penetrates  the  soil,  it  dies  off  and  the  sporophytc  tlius 
becomes  independent.  The  stems  are  freciuently  more  or  less 
condensed  and  lie  prostrate  in  the  soil,  developing  roots  from  the 
under  snrface  and  leaves  from  the  sid^s  and  upper  surfaces.  The 
leaves  which  constitute  tlie  conspicuous  part  of  the  ordinary  ferns 
consist  of  a  stalk  and  lamina  or  blade  on  which  are  borne  tlie  spor- 
angia (Figs.  2yy ;  36.  .4).  The  sporangia  usually  occur  on  the 
under  surface  of  the  leaf  in  groups  or  clusters  known  as  sosi 
(Fig.  36,  A),    The  son  are  of  characteristic  shape  and  in  certain 
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Fin.  js-  The  tnke  fern  (Pwru?.  A.  itiffenntUtioo  of  celli  in  ecnniiuttinfi  oMpoKs; 
B,  later  >ugc  thowine  tlevelapment  of  cmbo'oi  Pr.  protlulliu,  f.  fool  nnlNKldcd  in  the 
archecoiuum  (aw)i  w,  n»t;  a,  young  stem;  b,  young  Leaf. — A,  after  Ki«niU  C«tluR:  B, 
aflcr  Hodnmtcr. 


sj)ecies  are  covered  bv  a  plate  called  the  indisivm  (Fig.  36. 
B)  which  rises  from  the  epidermis.  In  some  species  the  entire 
leal  becomes  a  spore -bearing  organ,  and  is  then  known  as  a 
snjHopuvLL  (Figs.  36,  ^j.  3S),  to  distinguish  it  from  the  foliage 
leave*:.  The  sporangia  <leveIop  a  row  of  cells  around  the  margin 
constituting  what  is  known  as  tlie  axnvm's  (Fig.  36,  11).  The 
form  of  the  anntihis  dctennines  the  manner  of  dehiscence  of  the 
sporangia,  which  occurs  on  drying.  The  spores  are  ejected  with 
considerable  force  (Fig.  3^1.  O).  They  (Fig.  36,  E;  Fig.  39) 
are  either  bilateral  nr  tetrahedral  and  require  a  short  period  to 
elapse  before  they  germinate.  They  retain  tlieir  vitality  for  a  long 
time  except  tlwse  which  are  green,  i.e.,  contain  chlorophyll.    The 
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(3)  There  is  also  a  group  of  fems  known  as  Water  Ferns 
which  are  aqtiatic  in  habit,  that  is,  they  live  in  marshy  places  or 
float  on  water.  As  representatives  of  this  group  may  be  men- 
tioned MarsiOa,  wliich  has  a  slemler  rhizome  iliat  is  buried  in  the 
muddy  bottom  of  streams,  and  4-parted,  clover-like  leaves  that 
float  on  (he  water;  and  Sahinio  (Kip.  40)  which  is  a  small  float- 
ing plant  tliat  develops  two  kinds  of  leaves,  one  which  floats  on 
the  surface  of  the  water  and  arc  more  or  less  oblong,  and  another 
which  are  filiform,  branching,  root-like  and  submerged.  The 
water  ferns  are  further  distinguislied  by  the  production  of  inega- 
sporcs  and  microspores. 

(4)  The  Adoeh's  Tongue  F.MtfiLV,  to  which  Ophioi^hssmm 
and  Botrychium  iK'long.  develops  a  subterranean  prothallus 
which  is  destitute  of  chlorophyll.    The  prothallus  is  in  some  cases 
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Fio.  30-  Somt!  ttm  spOTHL  A,  B,  C,  different  vtem  of  th«  bfUtenI  sTK^m  of  the 
comnuRi  i>oUt>oiJ>  tPQlypc^inrnt  tmttaft)  ibQwina  outer  w&ll  (irp).  middle  Wftll  (ex),  Inner 
waII  (emi)  an'i  line  of  Oebucence  fdl).  O.  a  teinhBdnl  ipore  of  the  royal  frm  {Osmutija 
rtfolisf-.  E.  P.  tpoK*  of  Ctrtuopi^ris  tkalietroiiUs  Men  in  two  views. — A-D,mfterS«debeck; 
E-P,  after  Koy. 


tuberous,  and  the  sporophyte  produces  two  kinds  of  leaves, 
namely,  foliage  leaves,  and  fertile  leaves  or  those  which  bear  the 
sporangia.  The  siwrangin  occur  on  lateral  branches  of  the  sporo- 
phyll  and  ojien  at  maturity  Iiy  means  of  a  horizontal  slit. 

Ferns  Used  in  Medicine  and  as  Foods. — Many  of  the  ferns 
contain  tannin,  a  brownish  coloring  principle  and  in  addition 
an  anthelmintic  principle.  They  may  also  contain  ethereal  oils, 
starch,  coumarin,  aconitic  acid  and  other  principles.  A  large 
number  have  been  used  in  medicine,  of  which  the  following  may 
be  mentioned:  Asf'idium  ( Dry optcris  or  Nefthrodiiim)  marginaUs 
and  A,  Filix  mas,  yielding  the  official  Aspidium  (Fig.  277).  A 
number  of  other  species  of  Asffidium.  as  well  as  species  of  Adian- 
tum,  Aspleninm  ant!  Polypodiunt  are  also  used  in  various  parts  of 
the  worhl.    The  rhizomes  of  some  of  the  fems  contain  considerable 
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starch  and  are  used  to  some  exlcnl  as  foods,  as  Pteris  escnienla  of 
China  ;  Ftcridinm  aquiliuum  var.  lanuginosa  of  the  Canary  Islands ; 
Asf*idium  varimu  and  Asplcnium  bulbosum  o(  Coclun  Cliina. 
I'olxpodium  iulji^arc  contains  a  suljstancc  rt-latcd  to  glycyrrhizin. 
Adiantum  pcdatum  and  Polypudium  Phymatodcs  are  said  to  con- 
tain couniarin,  the  latter  plant  being  used  in  perfumery. 
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Pic,  40.  A  wat«r  f«rn  (.Solnnia  mouhj),  A.  a  plant  Mcn  from  tide  and  showing 
floaliriK  lca^'«  nt  to|)  allachcd  to  the  bonxontnt  «tc(n.  ftmt-liko  finely  iJividitl  lea ves )>eneftth. 
and  n  cliwlirof  Riohosc  M^ow^f^rp* :  W,  a  vi«w  fmm  obovo  KhowinK  mrirciAltv  the  charact*r 
of  the  upper  lenvo:  C.  yotinR  plant  developiofi  from  a  mcKiuporo  Imsp). — A.  Bad  B.  aftcf 
BtacfaoH;  C.  after  Printcsheim. 


EQUISETALES. 

The  Horsetails,  or  scouring  rushes  (Tip.  45.  B^  are  peren- 
nial plants  containing  a  largeamount  of  silicon  in  their  tissues.  I-ike 
in  the  ferns  the  more  or  less  branching,  creeping  rhizome  persists 
from  year  10  >'car.  sending  out  eacli  year  new  shoots.  As  in  some 
of  the  ferns  it  develops  two  kinds  of  leaf-slioots.  a  fertile  and  a 
sterile  one  fFig.  45,  B).  each  of  which  are  distinctly  jointed. 
The  scale-like  leaves  arc  arranged  in  circles  almnt  the  joints  or 
noiies,  the  work  of  photosynthesis  being  carried  on  by  the  green 
ftems.  The  fertile  branch  develops  at  the  apex  a  group  of 
sporophylls  known  as  a  cone  or  •itrohiliis.  The  archesporinni.  nr 
initial  spore-producing  zone  is  unilocular.  In  Eqitisetum.  the  only 
representative  of  the  group,  the  spores  arc  spherical  and  each  is 
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LYCOPODIALES. 

The  Lycopodialcs.  or  Giib  Mosses  (Fig.  46),  arc  perennial 
moss-tike  plants,  with  more  or  less  erect  or  creeping  an<I  branching 
stems,  on  which  arc  borne  numerous  small  simple  leaves.  The 
sporangia  arise  either  at  ihc  base  of  IIk  upper  surface  of  the  leaves 
or  occur  in  terminal  cones.  They  have  short  stalks,  are  uni- 
locular and  j-valvcrl.  The  asexual  spores  arc  of  one  kind  in 
Lycopoditim  (Fig.  278b)  and  in  ilie  form  of  spherical  tetrahed- 
rons resulting  from  the  manner  in  which  division  has  taken  place. 
In  SelagineUa  { Fig.  41 )  two  kinds  of  asexual  spores  are  produced. 
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Fm.  4a.  Longitudinal  section  oi  youDK  cmbni)  of  a  ScloidnclU  before  upArniicm 
from  the  prDtbALlua:  et,  xiupcnKir,  w,  root,  f,  (exit;  bl,  cotyledons;  lig,  litiulc*  or  tnid 
•Mlas.— AJi«r  PCefTcr. 

that  is.  both  microspores  and  megaspores,  which  in  turn  give  rise 
to  male  and  female  prothalli  respectively.  The  microspore  devel- 
ops a  male  gamctophyte  (Fig.  43)  which  remains  entirely  within 
the  spore.  an<l  consists  of  a  few-ceiled  protliallus  and  a  number  of 
mother  cells  which  produce  sperms  that  eventually  escape  by  the 
breaking  of  the  wall. 

The  mcgaspore  frequently  begins  to  develop  the  gameto- 
phyte  (Fig.  44)  while,  still  within  the  sporangium.  The  pro- 
thallus  consists  of  a  number  of  cells  and  partly  protrudes 
through  the  ruptured  spore  wall.    On  the  upper  part  of  the  pro- 
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thallus  or  nutritive  layer  a  few  archegonia  are  borne.  It  should 
be  stated  tliat  soniclinies  the  archegonia  are  developetl  very  early 
on  the  prothallus  tissue,  but  usually  they  are  developed  after  the 
spores  have  escaped  from  tlie  sporangium.  After  fertilization 
of  the  egg  a  multicellular  embryo  develops  which  shows  the  fol- 
lowing parts  (Fig.  42):  (i)  An  elongated  cell  or  row  of  cells 
which  extends  into  the  tissues  of  the  prothallus  for  the  puqK>sc  of 
obtaining  nutriment;  (2)  a  root;  and  (3)  a  stem  bearing  at  its 
tip  (4)  two  leaves,  or  cotyledons.    One  of  the  specially  notable 
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Flo.  4S.  Successive  stuge*  in  the  tterminatMin  of  the  tniCitMporM  ol  a  SWd^riMUa.' 
p  aod  «.  cclU  o(  the  prothallus,  a,  celU  givinu  hs«>  to  ipertns.  A,  U,  D,  viewi  of  Bpom  from 
tbe  aide:  C.  view  from  tbe  back,  in  !£  (be  cells  surroundinii  the  spcnn  mother  ceU  *n  An- 
orguued.  F,   tii.-o   bicilUte  •(•emu. — After   BeUjefl. 


characters  of  the  plants  of  the  Sclag'mella  group  is.  as  we  have 
seen,  the  great  reduction  in  size  of  the  gametophylc  which  in 
the  case  of  the  nitcrosporc  docs  not  enlarge  beyond  the  wall  of 
the  spt)rc.  and  in  the  case  of  the  mcgaspore  oidy  partly  protnules 
beyond  the  wall  uf  the  spore. 

Isoetes. — This  is  a  genus  of  aquatic  or  marsh  plants  known 
as  quiUworts.  The  plants  produce  a  number  of  filiform  roots 
which  penetrate  the  mud.  and  a  compact  tuft  of  rush-like  leaves. 
The  plants  are  heterosporous.  as  in  Selaginella.  The  sporangia 
are  borne  in  the  axils  of  the  leaves,  the  outer  leaves  bearing  the 
megasporangia  and  the  inner  leaves  the  microsporangia.     The 
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ganietopliytes  consist  of  but  a  few  cells.  While  the  group  is  hct- 
erosporous  and  the  pametophvtes  resemble  those  in  Selaginella, 
the  spernis  arc  niulticiliate  and  coiled  as  in  the  Ferns. 

Distribution  and  Uses  of  Lycopodiales. — A  number  of  the 
Lycopodiums  arc  common  on  rocks,  damp  woods,  sandy  Ix)gs. 
and  illustrations  of  several  of  tlicse  arc  shown  in  i'ig.  46.  Some 
tropical  species  arc  used  in  medicine;  the  spores  particularly  of 
Lycopodiitm  clat'atum  (Figf.  4(\  illus.  3)  arc  used  as  a  tlusting 
powder  { Fig.  278b) .  and  for  burning  in  the  production  of  flash 
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Pig.  44.  ThefcimLtcicamatophytcof  B^<i<tnrU(i.  ifroltullua  {pr}  proiecUa«  Uiraiutti 
the  tuptur«<l  waU  Upm)  of  t4w  me)t»nr>or«;  or,  sU-rile  arehcgonium,  e^lb^  emb*.  two 
■nbiTOs  cmtwddot]  >a  ibv  tiisuo  o(  lUc  pivtli&Uiu;  ct.  et,  tiupenaun. — After  Pfefler.. 

lights.  The  Selagincllas,  of  which  there  arc  several  native 
spcctt"i.  arc  commonly  used  for  decorative  purposes.  Sonu-  species 
are.  however,  al.so  used  in  nietlicine,  and  it  is  interesting  to  note 
that  the  spores  of  one  species  {Selagitictla  sclaginoidcs)  are  used 
like  those  t>f  l.yco podium. 

While  the  }'terido])hytes  do  not  form  a  very  conspicuous  por- 
tion of  the  flora  at  the  present  time  and  yield  but  few  products 
of  use  to  man,  it  may  be  pointed  out  that  in  former  ages  they 
fonncd  the  dominant  vegetation  of  the  earth.  Many  of  the 
ancestral  forms  of  this  group  attained  the  size  of  trees  and  made 
up  the  forest  vegetation  during  the  Devonian  and  Carboniferous 
Ages,  the  latter  being  sometimes  spoken  of  as  the  age  of  Ptcrido- 
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funiish  a  large  part  of  the  food  of  man  anil  other  animals,  as  well 
as  materials  for  clothing,  shelter,  fuel  and  divers  otlier  purposes. 
In  this  group  of  plants  there  is  the  highest  differentiation  of  tis- 
sues and  tile  most  com|)licated  structure.  The  one  character 
which  especiall)-  distinguishes  them  from  the  lower  groups  of 
plants  is  that  of  the  protluction  of  seeds. 

The  plants  have  fur  the  most  jart  well  differentiated  stems 
and  leaves,  and  repre-sent  the  sporophjie  or  asexual  generation. 
The  six>rii])liyte  produces  si>orophylls  which  are  of  two  kinds, 
namely,  megasiKiniphylls  and  micros]>tjrophylls.  The  megasporn- 
phylls  bear  small  ellipsoidal  bodies  known  as  ovules,  which  develop 
into  seeds.  The  mega  sporangium  is  not  separate  and  distinct  in 
tlie  spermoph)1es  as  it  is  in  Selaginella,  but  is  embedded  within  an 
ovule  and  corresponds  to  that  part  of  tlie  ovule  known  as  the 
nucellus.  The  niicellus  encloses  the  embryo-sac.  which  is  regardrd 
as  a  megaspore  (Figs.  49,  50.  56,  85).  Eacli  megasporangium 
(nucellus)  therefore  contains  but  a  single  megaspore.  whereas  in 
Selaginella  the  megasporangia  contain  from  1  to  8  mega- 
spores.  The  microsporophyll  bears  microsporangia  (pollen 
sacs)  which  contain  microspores  (|x)Ilcn  grains).  The  fe- 
male gamctophyte  in  the  Spcrmophytcs  is  still  more  limited  in 
its  development  than  even  in  the  highest  Ptcridophytes  (as  Sela- 
ginella and  Isoctes)  and  remains  wholly  within  the  megaspore 
or  embryo-sac.  As  a  result  of  fertilization  of  the  egg-cell  an 
ejtihryo  is  produced  which  consists  of  root,  stem  and  one  or  more 
cotyledons  and  which  with  tlie  integuments  covering  it  constitutes 
the  seed. 

Spcrmophytcs  embrace  two  well  defined  groups,  namely,  (i) 
Gymnosperms  or  naked-seetled  plants  and  (2)  Angiosperms,  or 
enclosed -seeded  j)lants. 

GYMNOSPERMS. 

Tn  the  Gymnosperms  the  ovules,  each  of  which  contains  a  mega- 
sporangium (nucellus),  are  borne  on  an  open  sporophyll  (carpel), 
and  thus  are  exposed,  as  are  also  the  seeds  developed  from  them. 
In  the  Angiosperms  the  ovules  arc  borne  within  closed  sporo- 
phylls,  and  are  thus  protected  or  covered  until  the  .seeds,  which 
develop  from  them,  mature. 
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The  Gymnospcnns  represent  an  ancient  group  of  plants  and 
were  more  numerous  during  the  Triassic  period  than  now.  They 
are  mostly  slinibs  and  trees,  and  do  not  shed  their  leaves  period- 
ically as  the  Angiospemis  do,  and  hence  arc  known  as  "  ever- 
greens." As  in  some  of  the  Ptcridophytes  {Lycopodium,  Equi- 
sctum)  llie  sporophylls  occur  in  groups  fomiing  cones  or  strobiles 
(Fig.  47).  They  not  only  differ  in  extenial  apiwarance  from  the 
Angiospemis  but  also  in  the  anatomical  structure  of  the  stem, 
which  is  w  ithout  large  conduciing  vessels.  In  order  to  understand 
Ihc  relation  of  the  Gymnospcnns  to  the  Ptcridophytes  on  the  one 
hand  and  to  the  Angiosperms  on  the  other,  it  will  be  necessary  to 
consider  briefly  the  life  historj*  of  a  representative  group,  such  as 
the  Cmiifer.T. 

General  Characters. — The  seed  consists  essentially  of  three 
parts,  naniel),  a  woody  or  leathery  seed-coat,  a  nutritive  layer 
rich  in  oil  known  as  the  endospenn.  and  a  straight  embryo.  The 
latter  is  a  more  or  less  differentiated  plantlet.  consisting  of  a  stem 
with  a  varying  nuniln-r  of  aitylcdons  or  first  leaves  (2  to  (6), 
and  a  small  root  wliich  is  attached  to  a  suspcnsor,  as  is  the  embr>'o 
in  SclagincUa  (Fig.  44).  When  the  embn.o  begins  its  develop- 
ment into  the  plant  it  uses  up  the  nourishment  with  which  it  is 
surrounded  in  the  endosperm,  and  as  it  increases  in  size  the  seed- 
coat  is  split.  The  root  then  protrudes  and  the  cotyledons  to  some 
of  which  the  seed-coat  is  slill  attached  are  carrie<I  ui)ward  by  the 
stem  through  the  surface  of  the  soil,  when  the  seed-coat  is  cast 
off  anfl  the  plant  begins  an  independent  existence.  The  first  root 
is  the  primary-  or  tap  root  an<l  from  this  are  sent  out  numerous 
branches  known  as  secondary  rfx>ts,  constituting  a  well  developed 
root  system  which  serves  the  double  purpose  of  absorbing  nutri- 
ment from  the  substratum  or  soil  ;ind  of  holding  or  fixing  the 
plant  in  its  upright  position.  The  embr>onal  stem  grows  ver- 
tically upwards  continuing  its  growth  indefinitely.  Lateral 
branches  arise  at  more  or  less  regular  inter\'als  which  extend  from 
near  the  ground  to  the  apex,  the  younger  branches  continually 
succeeding  the  older  ones  from  the  ground  upward,  thus  giving 
the  trees  a  conc-likc  outHne.  The  leaves  arise  on  the  branches 
and  are  of  two  kinds.  priman»-  leaves  which  are  more  or  less  scale- 
like and  dedduous.  and  secondary  leaves  which  are  true  foliage 
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cones  consisting  of  microsporophylls  ( stamens  >  arc  more  or  less 
elongated  and  cylindrical  (Fiji-  47i  ^)'  I'lf  carix-llate  cones 
consistinj;^  of  megasjioropliylls  (caqjelsl  have  a  shorter  longi- 
tudinal axis,  and  the  cones  vary  consiilcrahly  in  the  different 
groups  (Fig.  47,  A.  B). 

The  Microsporophylls  (Fig.  48)  are  usually  of  a  yellowish- 
brown  color,  and  cuiisist  of  a  sien<ler  stalk  and  a  lamina  which 
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Fiu.  4S.  A.  tanaitudlnal  auction  of  cone  composed  of  microsporophyUs.  of  one  of  the 
pines;  B.  lottKiludinal  acctian  of  tnicrospoRiphyll  shawtng  micrasporaiiKiutn  (twllni  bac); 
C,  the  Mine  bi  trenxvene  secltcm  showing  both  microsponuKiii;  D,  winiie<l  micrmpore 
(pollen  «nm).  ^ih  b  fwo-ceUcd  male  eamctophyte,  the  upper  call  bciiuc  the  generative 
cell,  the  remaining  nuclealeJ  cell  eivtoti  rise  lo  the  poU«D  lube. — ^After  Schunpcr. 


bears  the  microsporangia  (pollen  sacs)  on  the  lower  or  dorsal 
surface  (Fig,  48,  B,  C).  In  this  they  show  a  resemblance  to 
ferns  where  the  sori  are  iKirne  rm  the  under  surface  of  the  leaves. 
The  microsporangia  vary  in  numl)fr  from  2  to  15.  and  are  pro- 
tected in  various  ways,  eitlier  being  sunk  in  the  tissues  of  the  sporo- 
phyII,asin/^ir;H,f  and  Abxcs  or  they  are.  as  in  Junipcnts  and  Thuja, 
provided  with  a  covering  rcscmlih'ng  ihc  indiisium  of  the  son  of 
the  ferns.     The  walls  arc  variously  thickened  and  on  drying, 
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owing  ti3  unequal  tension,  the  sacs  are  ruptured  longitudinally 
and  the  siwres  scattered.  The  microspores  are  very  itumercms, 
sometimes  forming  powdery  deposits.  They  are  either  i-celled 
or  3-ccncd.  Tn  tlie  latter  case  two  lateral  cells  act  as  wings  (or 
the  dispersal  of  the  spores  by  the  wind  (Fig.  48,  D). 

The    Megasporophylls    consist    of   sessile    caqitrls    (lt*aves) 
on  wliicli  arc  borne  one  or  two  naked  ovules  containing  the  spor- 


ne. 


Tn  49.  Lofl^tudinil  sfctton  of  iin  ovuIa  of  ■  tpniot  (Pieto):  t,  iDtesuincTil.  nc 
micdlus  (mcgntponnfiiura);  e,  embryo-uu:  (mr^spoK)  which  has  devekiped  th«  female 
g*ni«tophnc  contUtinfi  of  endosperm  Ce).  two  archcgoniit  (a>.  which  show  the  neck  (c). 
and  tile  rcc  (n>;  p.  germlaBLinj;  poUm  grains  (microM>ores)  with  poIIdd  tubm  tt)  which 
have  pcnetnted  the  nuccllbis  tnc)  and  rcAcbed  the  neck  oella  of  tbe  archegonia.— After 
Sclumpcr. 

angia  (nucelli).  In  certain  groups,  as  in  the  pines,  balsams,  etc., 
a  scale  is  formed  at  the  base  of  the  caqwl  which  bears  the  ovules, 
and  this  scale  is  called  the  seminiferous  scale.  The  ovules  con- 
sist of  several  parts  (Figs.  49  and  50) :  a  stalk;  an  integument  or 
wall  which  has  an  opening  at  the  apex  known  as  tlie  micropyle ; 
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Garnet  op  hytes. — The  development  of  ilie  gametophjtcs 
from  the  asexual  spores,  namely,  tlic  microsiwre  or  |x)llen  grain, 
anfl  the  nicgaspore  or  embryo-sac.  is  as  follows :  The  nucleus 
uf  tlic  ntcgaspore  divides  repeatedly  { Fig.  50 ) ,  ceil  walls 
are  formed  and  a  multicellular  structure  known  as  the  en'dosperm 
is  produced.  Tliis  strut'lure  constitutes  llie  prothalhis  of  the 
female  ganiciophyte  ^Fig.  49.  £;  Fig.  50).  In  the  upper  |K>rtion 
of  the  prothalhis  (tiiat  is,  at  the  micropylar  cud),  three  to  five 
archcgonia  arc  formed  (Fig.  49,  a:  Fig.  50).  which  are  sepa- 
rated from  one  another  by  cells  of  the  endosperm  or  prodiallus 
which  arc  rich  in  protoplasm.  The  structure  of  the  archegonium 
is  mucli  like  that  of  the  preceding  group,  consisting  of  a  venter 
which  contains  the  egg.  and  a  short  neck  compo.scd  of  4  10  8  cells. 

The  male  gametophyte  Ix-gius  to  develop  while  the  polleii  is 
still  in  the  s[)orangiuni.  At  this  stage  it  consists  of  a  generative 
cell  and  a  wall-cell,  wliicli  constitute  the  antheridiuni.  the  cells  of 
the  prolliallus  being  usually  suppressed  (Fig.  48.  D). 

In  ndflitioTi  to  the  extreme  minuteness  of  the  gametophytes 
wc  liavc  also  lu  note  the  character  of  the  male  gamete  or  spernt. 
With  the  cxce]ition  of  the  Cycads  and  Ginkgo,  motile  sperms  arc 
not  found  in  the  tiyninospenns,  but  these  are  represented  by  two 
male  nuclei  wliich  are  transferred  directly  to  the  archegonium 
from  the  male  gametophyte.  formed  through  germination  of  the 
microspore  (pollen  grain).  It  may  be  recalled  that  in  the  Pteri- 
dophyles  the  motile  sperms  are  discharged  from  the  antheridium 
and  carried  by  the  agency  of  water  to  the  archegonium.  but  in  tlie 
Gymnosperms  water  is  no  longer  a  meilium  of  transferral.  Tlie 
microspores  themselves  are  carrieiL  tn  the  ovules  usually  through 
the  agency  of  wind  after  which  they  germinate  <leveloping  a  tube 
which  carries  the  male  nuclei  directly  to  the  archegonium  without 
their  ever  having  been  free. 

The  transferral  of  the  mtcrosi«)res  or  jKtllen  grains  to  the 
ovule  is  known  as  pollination,  .'\fter  imllinatinn  the  wall-cell 
develops  a  tnl>e.  the  poHcn  tube,  and  tlie  generative  cell  gives  rise 
to  two  male  nnclei.  which,  with  the  remaining  protoplasmic  con- 
tents of  the  antheritlimn,  are  carried  by  the  pollen  tube  to  the 
niicropyle,  which  it  enters,  penetrating  the  tissue  of  the  nucellus 
(I^'g-  49*  ')•    On  reaching  the  neck  of  an  archegonium  the  pollen 
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tube  pushes  its  way  down  into  the  venter,  where  it  UischargeB 
one  of  the  sperm  nuclei  which  unites  with  the  tgg,  fortnlng  an 
oospore.  Cessation  in  growth  docs  rot  yet  take  place  and  the 
oosiwre  develops  into  the  enihryo  already  described.  The  develop- 
ing embryo  obtains  its  notirishnient  by  means  of  a  suspensor 
(Fig-  50.  ^),  which  also  places  the  cmbr>o  in  a  favorable  position. 

lliere  being  several  archegonia  in  an  ovule  (  Figs.  4n.  50 ) ,  a 
corresponding  number  of  embryos  may  be  formed,  but  rarely 
more  than  one  survives.  While  the  embryo  i.s  developing,  the 
other  tissues  of  the  megaspore  arc  likewise  undergoing  changes 
leading  to  the  maturily  of  the  seed.  The  carpels  and  seminifer- 
ous scales  also  continue  to  grow,  and  they  usually  become  more  or 
less  woody,  forming  the  characteristic  cones  of  the  pines  ( I'ig- 
51).  but  may  coalesce  and  become  fleshy,  producing  the  berry-like 
fruits  of  Juniper  (Fig.  5^).  'ITic  seed  on  germination  gives  rise 
to  the  sporophvte  (tree). 

Groups  of  Gymnospcrms. — There  are  two  princi|al  groups 
of  (iymnospernis,  {i)  one  of  which  includes  the  Cycads  or  Fern 
Palms,  which  are  characteristic  of  tropical  and  sulj-tropica!  coun- 
tries. The  trunk  does  not  branch  as  in  the  ordinary  evergreens, 
and  the  leaves  fom\  a  crown  at  the  summit  of  the  stem  or  trunk. 
An  important  character  of  sonic  of  the  Cycads  is  the  production 
of  multiciliate  si>crms,  as  in  the  ferns.  Equisctum  and  fsoctcs. 
(2)  To  the  Conifcrae  belong  the  pines,  hemlocks,  balsams,  arlwr 
vil«,  junipers  (Fig.  52)  ami  cedars,  this  Ixring  by  far  the  largest 
group  of  Gymnospcrms. 

Economic  Uses  of  the  Coniferae. — From  an  ccotiumic 
point  of  view  the  Conifcra'  arc  by  far  the  most  important  group 
of  plants  thus  far  considered.  In  fact  they  may  be  ranked  first 
in  the  production  of  valuable  timber.  Of  those  yielding  timber 
the  following  species  may  be  mentioned:  White  pine  { Finns  stro- 
bHS^',  long-leaved  or  Georgia  pine  {Pinus  paiiistris)  (Fig.  47, 
B,  C) :  spruce  pine  (Pinus  echinata) ;  the  Redwood  of  Upper 
California  (Sequoia  st'mfcrvirens) :  pitch  pine  of  New  Mexico 
(Pinus  pondcroso);  the  Scotch  fir.  the  common  pine  of  Europe 
(Pinus  syh'estris).  Some  of  the  woofls  are  adapted  for  special 
purposes:  as  that  of  Pinus  Ccntbra  of  the  high  mountains  of 
Europe  and  Northern  Silieria,  which  is  excellent  for  wood-carv- 
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Some  of  the  pines  )-ield  edible  seeds  which  have  been  used 
by  the  Indians  of  Western  America :  as  the  edible  or  "  nut  pine  " 
of  California  and  New  Mexico  {Pintts  cdiilis)  ;  Piuus  tnonophylUi, 
discovered  by  Cblont-l  I'"reniont  in  Northern  California,  Piitits 
JcfFrcyi  of  Northern  California;  and  Pintts  Pinea  of  Europe,  the 
seeds  of  the  latter  l>cing  used  like  ahnonds  and  known  as  "  pig- 
none."  The  seeds  of  Pinus  Latitbertiana  (.!''&-  5'»  C)  of  Califor- 
nia arc  baked  before  being  used  as  food.  This  latter  species  is 
also  known  as  the  sugar  pine  as  it  yields  a  manna-Iikc  pnulucl. 
A  manna  is  also  yielded  l>y  Ccdrus  Libani  and  Laris  dccuiuo.  The 
latter  is  known  as  "  Briancon  Manna."  and  contains  mclizitose. 
The  bark  of  some  species  funiishes  valuable  tanning  material,  as 
that  of  the  hemlock  spruct-  (  Tsui^a  camhUnsis). 

The  Conifera:  yield  large  quantities  of  volatile  oils,  resins  and 
allied  products  which  arc  used  both  in  medicine  and  the  arts. 
A  number  of  them  yield  turpentine  (see  drug),  as  Pintu  fxUus- 
iris  <Fig.  47.  B.  C),  Piniis  Ttcda  (Fig.  51.  F),  Pinus  hetcro- 
phylh  and  Pinus  cchinata.  Larix  decidua  of  the  Alps  and  Car- 
pathian mountains  yields  \  enice  turpentine.  Abies  balsamea  is 
the  sotiroc  of  Canada  turpentine  or  balsam  of  fir :  Picea  Mariana 
or  black  s[»ruce  fields  spruce  gum  largely  used  in  the  n»anufacture 
of  chewing  gmn,  and  is  also  the  source  of  spruce  beer.  Picea 
fxcelsa  or  Norway  spruce  yields  Burgundy  pflch  (sec  drug). 
j-ibii'S  alba  or  white  fir  tree  yields  the  Strashiirgor  turpentine. 
Canaila  pitch  is  the  resinous  exudation  from  the  common*  hemlock 
(Tsuga  canadensis).  Sandarac  is  yielded  by  CaUitris  quadrivakis 
found  growing  in  Northwestern  .Africa.  \'olatiIe  oils  are  yielded 
by  a  number  of  the  Conifer??,  of  which  the  following  may  be 
mentioned:  ftiniperus  Sabtnii  yiclrling  oil  of  savin;  Juniperus 
commttiiis  yielding  oil  of  juniper,  both  of  which  are  used  in  medi- 
cine. The  remains  of  Conifera?  {Pieea,  etc.)  are  often  found  as 
fossils,  as  the  fossil  resin  amber,  which  is  used  in  the  arts,  and  on 
distillation  yields  a  volatile  oil  having  medicinal  properties. 


AN-niOS  PERMS. 

General  Characters. — The  Angiosperms  constitute  the 
most  conspicuous  jwriion  of  the  flora,  embrace  the  greatest 
variety  of  forms,  and  are  the  most  highly  organized  members 
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of  the  plant  kingdom.  They  vary  in  sire  from  diminutive  plants 
like  the  winclHower  to  the  giant  oak  which  shelters  it.  They  may 
accomplish  their  life  work  in  a  few  months,  as  the  common  stra- 
niouium,  or  they  may  persist  for  several  lunitlre*!  years,  as  the 
trees  of  our  primitive  forests.  They  may  inhahit  dry  desert 
regions,  as  the  Cacti  and  Oienopodiacea?.  or  they  may  live  wholly 
in  water,  as  the  water  lilies.  In  short  they  show  the  greatest 
adaptability  to  their  surroundings.  But  no  matter  how  diversified 
ihev  may  seem  in  form  and  structure,  they  agree  in  this  with 
possibly  one  exception,  namely,  mignonette,  that  the  seeds  are 
produced  in  a  close<l  carpel.  This  has  been  consi*lered,  as  already 
indicated,  to  he  the  chief  difference  between  the  Gymnosperms 
and  Angiosperms. 

The  two  ^oups  are  further  distinguished  by  several  other 
important  characters :  (i)  the  carpel  or  carpels  (megasporophyll) 
is  developed  into  an  organ  comninnly  known  as  a  pistil  (  I'igs. 
83  and  85).  This  organ  consists  of  three  parts,  namely,  ovary, 
style  and  stigma,  the  ovary  enclosing  the  ovules  (Figs.  83.  85). 
In  the  Angiosperms  the  me^spore  (embryo-sac J  develops  a 
gametophyte  which  does  not  give  rise  to  archegonia.  but  the  egg 
arises  directly  from  the  megasporc  nucleus  by  a  series  of  divisions. 

(3)  The  Microsporophyll  (stamen)  diflfcrs  considerably  in 
structure  and  appearance  from  that  of  the  Gymnosperms.  The 
stamen  may  be  defined  as  a  leaf  which  bears  sporangia  (spore 
cases).  It  usually  consists  of  the  following  differentiated  parts: 
filament  and  anther,  the  latter  consisting  of  pollen  sacs  (micro- 
sporangia)  in  which  the  pollen  grains  (microspores)  are  devel- 
oped (Figs.  81.  83  and  85).  (4)  In  a  large  number  of  cases  in 
the  Angiosperms  there  is  developed  in  addition  to  the  sporophylls 
or  sporangia!  leaves  (stamens  and  pistils)  another  series  of 
leaves  known  as  floral  leaves  (Fig.  83).  The  latter  usually  are 
of  two  kinds,  known  as  sepals  and  petals. 

The  Development  of  the  Two  Generations,  namely,  the 
sporophyte  and  ganicloplnic,  is  much  the  same  in  the  Angio- 
sperms as  in  the  Gynosperms.  That  is,  the  sporopM-te  constitutes 
the  plant  body  and  what  is  commonly  considered  to  be  the  plant. 
The  gamctophytes  are  still  more  reduced  than  was  the  case  in  the 
Gx-mnospemis,  the  male  gametoph>'te  consisting  of  but  two  cells. 
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Beginning  with  the  germination  of  the  seed  we  may  oulHne 
the  life  history  of  the  plant  as  was  done  nnder  Gyninospernis. 
The  seeds  in  the  two  groups  are  much  alike  witli  the  exception 
that  in  the  Angtospcrms  they  usually  have  two  inleguinents. 
Within    ihc    Angiospcrms    two   classes   of   embryos   are   distin- 
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Piu.  a.  Development  of  pollen  «acs  (mlcrosponntfia)  in  kvcthI  of  Ihc  An«k»pcmia: 
A,  BhoniBB  besinmnn  of  archesporium  (a),  an  outer  itefil«  U>-«r  (b).  position  of  coniwctive 
(ecn);  B,  Uter  siatfc  thowing  ilvvclopniml  of  librovasculAr  liuue  (gf),  C.  loneituiliiu} 
trctioQ  of  aiT^hetpohum:  D,  B,  P,  nicccMdvc  later  stageit  ihowiaji  in  ulditiun  poltcn  mAther 
cella  (xm)  and  tA(>ctum  layer  (t^,  O.  H,  dia^cminnutic  tcclionKof  niiiturti  pollen  sac^  &tiow- 
irni  pollen  mother  cells  (pm).  tapelum  (tj,  cndotfaccium  (end),  exothecium  lex),  nad  in 
}[  lonffituiIinAl  dehiscence  wilh  fomnalian  o(  wliat  nppeart  to  bn  a  unilocular  pollen  sac 
on  ejlbcr  tide  of  tbe  connective. — A-P,  after  Wanning;  G-H,  after  Baitlun  anil  Lucnaen. 

guished,  which  give  rise  to  the  most  important  division  o£  this 
group  of  plants.  In  the  one  case  a  single  cotyledon  is  fonned  at 
the  apex  of  the  stem,  and  all  plants  having  an  embryo  of  this  kind 
are  known  as  MONOCorv'LrnoNs.  that  is.  plants  having  one  seed 
leaf.    In  the  other  case  two  cotyledons  arise  laterally  on  the  stem 
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an<l  opposite  eacli  otlier.  ami  those  plants  having  an  enibno  of 
this  type  are  grouped  togelluT  as  ofcoxYLEDONS,  or  plants  having 
two  scetl  leaves.  In  the  monocotyledons  the  cotyledon  is  limited 
to  one.  bnt  in  the  tlicol\ledons  the  seeil  leaves  are  not  limited  in 
number  antl  there  may  sometimes  be  three  nr  more. 

The  sporophytc  which  develops  from  the  genninating  seed 
consists  of  the  essential  parts  already  given,  i.e.,  root,  stem  and 
leaves.  The  leaves  arc  of  four  kinds:  (i)  Foliage  leaves,  {2) 
scale  leaves  or  bud  scales.  (3)  Aoral  leaves,  which  in  some  cases 
are  wanting,  and  (4)  sporangia!  leaves  or  sporophylls.  Inasmuch 
as  the  latter  give  rise  to  the  gametoi>hytes  (male  and  female)  the 
development  of  the  s|X)rangia  in  each  will  be  consi<lercd  in  detail. 


), 


Fti>.  54.  t>evelo:)Tnent  cf  pollea  ttniak  (microspores)  of  naiilc  ^AIlil*nt  ftarctssiHomm): 
A,  poilcn  tnolhtr  cell  with  nutleu*;  b.  the  Munc  with  hontogte-noiiut  fiuclcu*  and  a  iluLker 
wall;  L'-c,  chanitcft  in  nticlrus  prior  to  diWsiim;  (.  formatum  of  «pin>llD  with  tiuckMir  nuuMa 
m  the  center  frtmi  which  nuclear  Ihreadi  e.itenii  to  (he  tt'lM  of  the  »i>intlle  u-  division  of 
nuclear  suTntancr  and  rrcedtnK  uf  it  from  the  center  of  the  cell,  h-i.  further  sUkm  in  the 
arKtruntiofi  of  the  nucleur  substance  at  tbe  palet;  k.  fomulion  of  a  wall  between  two 
daughter  celU:  I.  besinnios  o(  djvuion  of  one  daushtcr  trcll;  m-n.  final  tiivisioiu  resuUinjj 
jo  the  forniatibii  of  b  iclnJ  «roup  tit  4  cells). — After  Stntsbumer. 


The  Microsporangia  (pollen  sacs)  arise  by  the  division  of 
certain  ceils  under  the  epidermis  of  the  anther  (Fig.  53).  This 
process  of  division  continues  luitil  four  regions  of  fertile  tissue 
(sfjorangia)  are  produced  (Fig.  53,  D).  The  sjKirangia  are 
directly  surrounded  by  a  continuous  layer  of  cells  which  consti- 
tntes  the  tajietiun  or  tapetal  cells  (Fig.  53,  /),  these  being  in  the 
nature  of  secretion  cells  and  containing  considerable  oil.  The 
tapetum  is  in  turn  surrounded  by  a  layer  of  cells  which  are 
peculiarly  thickened  and  which  on  drjing  a^ist  in  the  opening 
of  the  anther  and  the  <iischargc  of  the  pollen,  and  this  layer  is 
called  the  endothccium  (Fig.  53,  oid).    There  is  still  a  third  or 
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external  layer  of  cells,  which  constitutes  the  cxothccium  (Fig.  53, 
c.v).  These  four  sporangial  regions  may  remain  more  or  less 
distinct  and  separate  at  maturity,  or  Ihc  two  on  citlicr  side  may 
coalesce.  This  latter  usually  occurs  at  maturity,  when  dehiscence 
takes  place,  forming  apparently  a  single  pollen  sac  on  cither  side 
of  the  connective  or  axis  (Fig.  53,  //). 

The  Microspores  ^pollen  grains)  are  developed  somewhat 
differently  in  Monocotyledons  and  Dicotyledons.  In  most  mono- 
cotyledons the  nucleus  of  each  cell  (pollen  mother  cell)  makini;;^ 
up  the  ardiesporium  divides  into  two  nuclei,  each  of  whidi  takes 
on  a  wall  of  cellulose.  Each  of  these  (daughter  cells)  in  turn 
divides  giving  rise  to  four  pollen  grains.  In  dicotyledons  (^Fig, 
54)  the  nucleus  nf  a  mother  cell  divides  into  four  nuclei  before 
the  walls  arc  fonned  which  separate  the  nuclei,  thus  giving  rise 
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Pie.  55.  Devflnpinent  of  mnle  Konw^ophytr  in  an  Antfkwpenn.  I,  pollen  ifnin 
{mJcrmpoivJ  wHkh  ho*  diviileil  into  Ihc  mnthcr  ar  gcnemiive  cell  (vj  uid  x  tan^  tube-cell 
with  nuclnts  Isk);  II,  a|ii>e«nm€e  of  polWi  urain  on  tnatTticnt  vrith  ocmjc  acid  «huw* 
tOK  the  Mp«nil(Mi  of  tbeRvnerntive  cell  (v)  from  the  wall  of  the  pollen  Kiain:  o,  at  the 
right  ffivln^  a  view  of  the  gencratiTe  cell  with  the  nuctcut  cmbctldod  in  the  hyatiae  protcH 
plasm:  III,  Ahowins  the  development  of  the  tube-cell  into  the  pollen  tube  vbicta 
contains  the  two  nuilc  cells  tnuclcij  or  gametes  fonned  by  the  generative  ccIL — After 
EUving. 


to  tlie  tetrad  group  of  spores  to  which  attention  has  already  been 
calle<l  (.page  49)  under  Bryophytes.  The  wall  of  each  spore  is 
divided  into  two  layers,  an  inner  layer  consisting  of  cellulose 
known  as  tlie  intinc,  which  gives  rise  to  the  pollen  tube  on  germ- 
ination of  the  spore;  and  an  outer  layer  somewliat  different  in 
composition  and  variously  sculptured,  known  as  the  c.xinc.  When 
the  spores  are  mature  the  original  walls  of  the  cells  of  the  archc- 
sporium  dissolve  and  the  ripe  pollen  grains  are  set  free,  forming 
a  yellowish  powdery  mass  filling  the  pollen  sac.  In  some  cases 
the  spores  of  the  tetrads  hang  together  or  even  the  whole  mass 
of  pollen  tetra«ls  may  be  more  or  less  agglutinated,  as  in  the 
orchids  and  milkweeds,  tliese  masses  lieing  known  as  polUnia, 
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Male  Garaetophyte. — Before  the  dispersal  of  the  polk-n 
grains  or  microspores,  certain  changes  leading  to  the  development 
of  the  gametophyte  have  taken  place  (I*ig.  55).  The  spore  as  we 
have  seen  is  unicellular.  This  divides  into  two  cells,  one.  which  is 
relatively  small,  known  as  the  mother  cell  of  the  antheridium 
(Fig.  55,  f).  and  another,  which,  composed  of  the  remaining 
nucleus  with  the  surrounding  cell-contents,  constitutes  the  lube-  or 
wall-cell  of  the  antheridium. 

Development  of  t.^vule  and  Mcgasporangium  (nucellus). — 
Tile  ovule  at  first  develops  as  a  small  protuberance  on  the 
inner  surface  of  the  ovary,  after  which  it  differentiates  into 
(a)  a  sialic  or  funiculus  by  which  it  is  attached  to  the  ovary, 
the  tissue  to  which  it  is  attached  being  called  the  placenta;  and 
(i>)  an  upper  portion  which  becomes  the  ovule  proper.  The 
differentiation  of  the  tissues  is  in  a  getieral  way  as  follows;  (i  ) 
The  cells  beneath  the  cpidcnnis  in  the  apical  portion  of  the  ovule 
go  to  make  up  the  megasjK>rangium  ( nucellus)  ;  (2)  the  periph- 
eral cells  from  I)clow  the  nucellus  give  rise  to  the  integmnents ; 
and  {3)  while  the  integimients  are  developing  the  archcsporium 
or  mother  cell  of  the  embr>'o-sac  (megasiwrc)  is  being  formed 
within  the  nucellus  near  the  apex. 

Female  Gamctophyte. — The  archesporium  divides  into 
two  cells,  the  lower  one  of  which  repeatedly  divides,  finally  giving 
rise  to  the  embryo-sac  which  is  sunk  in  the  tissues  of  the  nucellus. 
The  nucleus  of  the  embryo-sac  divides  and  redivides  until  8  cells 
arc  produced  (Figs.  56  and  85),  which  arc  separated  into  the 
following  groups:  (i)  Three  of  the  cells  form  a  group  lying 
at  the  apex,  the  lower  cell  of  the  group  being  the  egg  or  egg-cell, 
the  other  two  cells  being  known  as  synei^ds  or  helping  cells. 
(2)  At  the  opposite  end  of  the  sac  are  three  cells,  known  as  an- 
tipodal cells,  which  usually  develop  a  wall  of  cellulose  and  do  not 
seem  to  have  any  special  function.  (3)  Near  the  center  of  the 
sac  are  the  two  remaining  nuclei,  which  unite  to  form  a  single 
nucleus,  from  which  after  fertilization  the  endosperm  is  derived. 
The  embn-o-sac.  as  it  is  organized  at  this  stage,  constitutes  what 
is  regar<led  as  the  female  gamctophyte  TFig.  56).  The  undiffer- 
entiated embryo-sac  constitutes  the  megaspore.  which  latter  after 
germination  or  differentiation  into  egg-cell  and  other  cells,  con- 
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stitutes  the  gamctophylc.  It  is  thus  seen  that  in  the  female 
g:anictoph\  tc  of  the  Angiosi>cnns  archcgonia  arc  apparently  not 
formed.  The  gamctophyte,  then,  consists  of  the  cell  group  con- 
taining the  cs^  and  the  remaining  portion  of  tlic  embryo-sac, 
which  latter  may  be  compared  to  a  prothalliis.  This  comparison 
is  not  difiicuU  to  understand  if  we  bear  in  mind  the  stniclure  of 
the  gameiopliyte  in  the  Gymnospcrms  and  particularly  if  we  recall 
the  structure  in  the  higher  Ptcridophytcs. 
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Fir,.  57.  Drvelopnteni  of  cnibn-o  in  the  shepherd's  putM  (CapstVa  BursO'paMtorit), 
T-Vl.  various  stattes  of  devclopmMit:  Vh.  npcx  of  thr  root  »cen  ((Vim  below,  i,  1,  a.  *.  the 
tint  dMMOiM  of  the  apicftl  cell  of  the  pixf-cmhryo  tauBpcusor);  b,  li,  cell*  tmm  which  th« 
l>riiruir>'  mot  and  nx}t>«ap  arc  disrivctl;  v,  the  ino-cmhTyc;  c,  (.-otylodons;  s.  sptrx  of  tbe 
vcia;  w,  root. — After  Han&tein. 

Fertilization. — While  in  the  gymnosperms  the  pollen 
grains  arc  usually  provided  with  wings  so  as  to  bring  about  their 
iransferral  to  the  carpel  by  the  agency  of  the  wind,  in  the  angio- 
spemis.  on  the  other  hand,  the  grains  arc  not  provided  with  wings, 
but  arc  aflapted  to  transferral  by  insects.  Pollination,  however, 
may  be  also  effected  by  the  wind  as  is  the  case  with  many  of  our 
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forest  trees.  After  the  deposition  of  the  pollen  grain  on  the  stigma, 
the  tube-cell  begins  to  form  a  tubular  process  (jJoUen  tube)  which 
carries  the  male  nuclei  to  the  egg-cell  (Fig.  85.  i).  It  pierces 
the  tissue  of  the  stigma  (Fig.  85,  h)  and  traverses  the  style  (Fig. 
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Pio.  58.     Hypothetical  tree  of  relationship  and  descent  of  the  leading  groups  of  plants. — 

After  Oanong, 

85,  g)  until  it  reaches  the  micropyle  of  the  ovule,  which  it  enters 
(Fig.  85,  j»),  then  reaching  the  nucellus  it  penetrates  this,  enter- 
ing the  embryo-sac.  The  tip  of  the  tube  breaks  and  one  of  the 
generative  nuclei  which  has  been  carried  downward  unites  with  the 
egg,  after  which  a  wall  is  formed,  giving  rise  to  an  oospore.    The 
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oospore  develops  at  once  into  the  embryo  or  ptantlct  as  seen  in 
the  seed,  this  stage  being  followed  by  a  period  of  rest.  In  fact 
the  youiif:  plant  may  lie  dormant  in  the  seed  for  years. 

Development  of  Seed. — The  steps  in  the  development  of 
the  mature  seed  occur  In  the  following  order  (Fig.  57):  Tlu- 
oospore  divides  into  two  parts,  an  upper  portion  which  gives  rise 
to  tlic  embryo,  and  a  lower  portion  which  by  transverse  segmenta- 
tion gives  rise  to  a  short  suspcnsor  (Fig.  57,  r)  which  practically 
serves  the  same  purpose  as  in  the  Gytnnos|x:nn5  (page  78). 
The  enibryonal  cell  develops  the  embryo  which  consists  of:  (l) 
a  root  portion  which  is  connected  with  the  suspensor  { Fig.  57,  zv) ; 
(2)  one  or  two  cotyledons  (Fig.  57,  c)  which  are  attached  to  the 
stem:  (3)  a  little  bud  at  the  apex  of  the  stem  which  is  known  as 
the  plumule. 

W'hile  the  embryo  is  developing,  the  nucleus  of  the  embryo- 
sac,  either  after  fusing  with  the  prothallial  cell  of  the  pollen 
grain,  or  in  the  absence  of  sucli  union,  begins  active  division, 
forming  a  highly  nutritive  tissue  rich  in  starch,  oil,  or  proteins, 
known  as  the  endosperm  (Figs.  121  and  122).  Simultaneously 
with  tlte  developmeiu  of  the  endosiwmi  the  nucellus  may  give 
rise  to  a  nutritive  layer  called  the  perisi>erm.  or  t!ie  tissues  of 
tlie  nucellns  may  be  niotlified  and  furm  with  the  altered  integu- 
ments or  coats  of  the  ovule,  the  seed-coat. 

Tnasmuch  as  the  Angiosi»erms  funiish  by  far  the  larger  pro- 
portion of  plants  and  plant  products  used  in  medicine,  it  is  desir- 
able to  give  particular  attention  to  the  morpholog\-  of  the  plant 
as  also  to  the  distin^iishing  characters  of  a  number  of  the  impor- 
tant groups  or  faiuilifs. 

Economic  Importance. — As  indicating  the  great  usefulness 
to  mankind  of  the  protlucls  obtained  from  the  Angiosperms  it 
will  be  sufficient  to  merely  mention  that  all  of  our  garden  vegeta- 
bles as  well  as  the  great  crops  of  cereals  like  wheat,  com,  rye, 
etc.;  edible  fniits  and  seeds;  textile  products,  such  as  cotton,  flax, 
etc. ;  medicinal  products ;  timbers  of  various  kinds,  as  oak,  mahog- 
any, walnut,  chestnut,  cherry,  etc..  are  furnislied  by  this  great 
group  of  plants. 


CHAPTER  II. 
THE  OUTER  MORPHOLOGY  OF  ANGIOSPERMS. 


INTKOUUCrORY. 

It  may  \k  well  to  repeat  at  this  point  that  on  Rcrmination  of 
the  megaspore  the  female  gametophyte  l)caring  the  cpg-cell  is 
formed,  and  that  on  germination  of  a  microspore  tlie  male  gameto- 
phyte bearing  ma[e  nticlei  is  organized.  The  union  of  egg-cell 
and  a  male  nucleus  gives  rise  tu  the  sporophv-te  embryo  contained 
in  the  seed,  which  develops  into  the  plant  we  sec.  namely,  the 
sporuphyte.  Ihe  female  gametophyte  always  remains  concealed 
within  the  cnibryo-sac  and  the  male  gametoph>tc  may  be  said  to 
embody  the  protoplasmic  contents  of  the  pollen  tube. 

A  complete  flower  is  made  up  of  floral  leaves  and  sporophylls, 
the  latter  l>cing  essential  for  the  reason  that  they  give  rise  to  the 
spores.  While  the  Rower  belongs  to  the  sporophyte  generation 
the  propagativc  organs  may  l>e  said  to  be  derived  from  both  the 
sporophyte  and  gametophyte.  and  hence  may  be  distinguished  as 
asexual  and  sexual.  The  following  outline  illustrates  their 
deinvalion : 


Propagativc 
Organs 


Sexual,  derived  from 
gametophytes  (sexual 
generation ) 


Asexual,  derived  from 
sporophyte  (asexual 
generation) 


Egg-apfxarattLs, 

containing  egg-celt 


Male  Generative-cell, 
giving  rise  to  Tnale  nuclei 
or  iiule  gametes 


Microsporangium, 
giving  rise  to  microspores 
(l>ollcn  grains) 

Megasporangiu  m , 
giving  rise  to  megasporc 
(embrjo-sac) 

9« 
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The  vegetative  organs  comprise  the  root  and  shoot,  the  latter 
being  usually  differentiated  into  shoot  axis  or  stem,  and  leaves. 
The  usual  type  of  shoot  is  one  which  bears  leaves  and  is  exposed 
to  the  light.  The  work  of  carbon  dioxide  assimilation  (photosyn- 
thesis) being  carried  on  for  the  most  part  by  the  leaves,  it  is 
sometimes  spoken  of  as  the  "  assimilation  shoot.*' 


I.  THE  ROOT. 

True  Roots  are  found  only  among  plants  having  a  vascular 
system,   as   the    Spermoph>tes   and   the   higher   Pteridophytes, 


Pig.  S9.  a.  advanced  stage  of  Rcrmination  of  the  common  garden  pea  {Ptsvm  la- 
Itvum)  showing  growing  point  of  root  protected  by  root-cap  (p);  root  branches  or  second- 
ary roots  (rb);  hypocotyl  (he):  epicotyl  or  stem  above  the  cotyledons  (ec);  cotyledons 
(one  in  viev/)  (c).  B.  plantlet  of  white  or  yellow  mustard  (Sinapis  alba)  showing  copious 
development  of  root-hairs  (h). 

although  on  the  other  hand  some  of  the  higher  plants  do  not  pos- 
sess them,  as  certain  of  the  Orchids.  If  we  take  a  germinating 
plant  and  mark  the  root  or  descending  axis,  lengthwise,  by  means 
of  a  fine  pen  and  India-ink,  into  ten  equal  divisions,  beginning  at 
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a  group  of  tfiin-walle<l  parenchyma  cells,  which  constitute  the 
ROOT-CAP  {Fig.  60).  The  root-cap  varies  in  lengjth,  and  it  is 
only  in  rare  cases  that  the  roots  of  land  plants  arc  without  a  cap. 
in  aildition  to  its  protective  function  (he  root-cap  makes  the 
passage  of  the  roots  through  the  soil  easier  by  reason  of  the 
mucilaginous  character  of  its  outer  cell -membrane. 

Just  above  the  rooi-cap  there  is  developed  a  laarrow  zone  of 
delicate  hairs,  which  arise  from  the  surface  cells  and  are  usually 
thiu-walled  and  unicellular.  These  arc  known  as  root-mairs 
U'^H-  59.  /')  and  their  fnncliun  is  twofold:  (i)  Tliey  secrete  an 
acid  which  renders  the  inorganic  substances  of  the  earth  soluble, 
and  (2)  they  absorb  these  and  other  substances  for  the  nourish- 
ment of  the  plant.  It  shouU!  be  stated  that  there  are  a  numl>er  of 
plants  which  for  various  reasons  do  not  possess  root-hairs,  such 
as  water-plants,  tnarsh-planls,  certain  Conifer*,  etc. 

When  the  germinating  root  persists,  it  is  called  the  main,  tap 
or  primary  root  ( Vig.  88 ) :  when  it  dividers  into  a  number  of 
sinu'lar  brandies  it  is  known  as  a  multiple  primary  root,  as 
in  dahlia,  branches  mav  arise  in  addition  un  Ijoth  kinds  of  roots 
(Fig.  88). 

There  arc  some  plants  which  complete  their  cycle  of  growth 
in  one  year.  an<l  such  plants  are  s[X>ken  of  as  annuals.  <  >tlier 
plants  produce  only  roots,  stems  and  leaves  the  first  year.  The 
roots  are  large  and  fleshy  and  contain  large  quantities  of  nutritive 
matter,  which  is  stored  for  the  use  of  the  plant  the  following 
year,  when  it  produces  fruit  and  thus  completes  its  cycle  of 
growth.  Plants  of  this  class  are  known  as  biennials,  and  the 
roots  as  root-tubers  or  tuberous  roots.  Plants  which  persist  year 
after  year  are  known  as  perennials.  Sometimes,  as  in  temperate 
climates,  the  roots  only  are  perennial,  as  in  Phytolacca  dccondra, 
when  the  plant  is  spoken  of  as  a  perennial  herb. 

Influence  of  Gravity. — The  root  is  popularly  supposed  to 
grow  downward,  in  order  to  avoid  the  light.  The  roots  of  plants 
grown  in  hanging  baskets,  however,  naturally  emerge  into  the 
light,  and  then  continue  their  downward  growth.  On  the  other 
hand,  the  theory  has  been  established  (as  a  result  of  Knight*s 
experiments"!  that  the  root  grows  downward  by  reason  of  the 
influence  of  gravity.    In  addition  it  may  be  said  that  the  prindpal 


MORPHOLOGY  OF  AN'GIOSPERMS. 


95 


functions  of  the  root,  namely,  (hose  of  absorbing  inorganic  food 
materials,  and  of  fixing  the  plant  to  the  soil,  determine  in  a  meas- 
ure the  direction  of  its  growth.  'Hie  tendency  of  the  root  to  grow 
downward  is  a  characteristic  which  distinguishes  it  from  other 
parts  of  the  plant  an<l  it  is  said  to  be  rosiTiVELV  geotropic  (Fig. 
6l,  A). 

The  influence  wliich  gravity  has  on  i)[ants  may  be  licst  under- 
stood by  bearing  in  mind  that  gravity  is  a  constant  force  which 
acts  perpendicularly  to  the  surface  of  the  earth,  and  that  all  parts 
of  the  plant  are  subject  to  its  influence.     The  organs  of  plants 


•     \ 
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Pin.  ni.     A.  scpJlioit  of    Broisiea  nigra  ia  which  nwt  ao<]  stem  have  curved  into  A 
venicAt  podtion  uflrr  Itcing  Uiil  horiionlAlly.     B.  Keulling  of  Sinapu  alba,  Ihe  hyiiocotyl 
yhovrinft  ■  tK>wtivc.  the  root  in  wnler  «  ncgKlWe  bcBotrotnc  curVktun.    The  uTowb  nhow 
I  dlreciioD  of  ths  incident  rays  of  liaht. — After  PfcfEer. 


respond  in  different  ways  to  the  action  of  gravity.  Imt  a  clear 
distinction  should  be  made  between  mere  mass  attraction  or  that 
manifestation  of  the  force  of  gravity  whereby  the  heavily  laden 
branch  of  a  fruit  tree  hcuds  downward  and  the  stimulus  which 
causes  the  primary  root  of  a  plant  to  ^row  downward  and  the 
shoot  to  grow  upward.  While  all  parts  of  the  plant  are  subject 
to  the  influence  of  gravity  not  all  the  organs  of  plants  respond 
in  an  equal  degree.  Tliis  is  well  illustrated  by  roots  themselves. 
It  is  well  known  that  whatever  the  position  of  the  seed  at  the 
time  of  germination  tlie  young  radicle  begins  to  grow  perpen- 
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dicularly  downward  (Fig.  6i,A).  The  branches,  however,  which 
arise  on  the  primary  root  are  less  positively  gcotropic  and  instead 
of  Rowing  downward  parallel  with  the  primary  or  tap  root,  di- 
verge at  an  angle  from  it  (i^ig.  88).  The  secondary  brandies  arc 
stilUess  affected  by  gravity  and  diverge  still  more  from  the  perpen- 
dicular, or  grow  out  horizontally,  while  still  others  do  not  appear 
to  be  in  the  least  affected  by  gravity  and  grow  freely  in  any  direc- 
tion.   In  the  case  of  large  trees  we  frequently  find  that  the  lateral 


F   '.  I'j.     t  >vci  iiirtir<l   ircF  iri:iit.  ^l>i.<wir<K  »prai(!iD8  mol'Syateiit.  the  main  or 
tup  root  bavins  died  awajr. 

roots  spreatl  out  in  a  more  or  less  horizontal  plane  near  the  sur- 
face of  the  earth,  and  if  the  main  root  has  iHed  the  iiittuence  of 
gravity  is  not  very  eviilent  ( Fig.  62) .  Rut  here  it  must  be  remem- 
liered  that  gravity  was  instrumental  in  determining  the  direction 
of  growth  at  an  earlier  stage.  This  spreading  of  the  roots  near 
the  surface  of  the  earth  is  of  decided  advantage  to  plants,  for  it 
enables  them  to  avail  themselves  of  the  hctter  soil  of  the  surface 
layers.  As  indicated,  gravity  also  determines  the  upward  perpen- 
dicular direction  of  the  shoot,   which   is   therefore   said  to  be 
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NEGATIVELY  (lEOTROPic,  but,  as  in  the  case  of  the  root,  the  brandies 
are  less  influenced  by  it  and  hence  diverge  at  various  angles  from 
tli<e  main  axis. 

Some  of  the  oUier  effects  of  gravity  may  be  noted.  If  the  end 
of  a  shoot  be  cut  off  tlie  branches  next  to  the  top  will  grow  per- 
pendicvdarly  upward  and  thus  assume  the  work  of  tlic  main  axis. 
Likewise  in  the  case  of  roots,  if  the  apex  of  the  main  or  tap  root 
be  cut  oflf  the  branches  near  the  end  will  assume  a  perpendicular 
direction.  It  will  frequently  he  noticed  in  the  case  of  trees  which 
have  Ix'cn  uprooted  or  where  brandies  have  been  bent  over  hori- 
zontally that  the  new  branches  which  arise  grow  perpendicularly 
upward.  Crcq)ing  shoots  furnish  another  good  example  showing 
lJ)e  influence  of  gravity,  the  branches  growing  upward  and  the 
roots  downward. 

ModiBed  Roots. — Roots  which  arise  from  ilie  nodes  of  the 
stem  or  other  [>arts  of  the  plant  are  known  as  secondary  or  adventi- 
tious roots.  These  include  the  aerial  roots  of  the  banyan  tree, 
which  are  for  the  purpose  of  support:  the  roots  of  tlie  ivy.  which 
are  both  for  support  and  chmhing.  and  the  roots  of  Indian  com 
and  many  palms  which  serve  both  for  support  and  the  absorp- 
tion of  nourishment .  I'nder  this  Iiead  may  also  be  included  the 
aerial  roots  of  orchids  and  the  root-like  structures,  or  haustoria, 
of  parasites,  as  of  mistletoe  and  dodder,  which  penetrate  the 
tissues  of  their  host  plants. 

Of  sjwcial  interest  also  are  the  breathing  roots  of  certain 
marsh-plants  which  serve  to  convey  oxygen  to  tlie  submerged 
parts;  and  the  assimilation  roots  of  certain  water-plants  and 
epiphytes,  which  arc  unique  in  that  they  produce  chlorophyll. 
In  certain  plants  the  roots  give  rise  to  adventitious  shoots  as  in 
Prutius.  Rubus.  Ailanthus,  etc.,  and  in  this  way  these  plants 
sometimes  form  small  fjroves. 

Root  Tubercles. — ^The  roots  of  the  plants  belonging  to  the 
Legiiminos^e  are  characterize<I  by  the  production  of  tubercles, 
nodules  or  swellings  (Fig.  64.I  which  have  been  shown  to  have 
a  direct  relation  to  the  assimilation  of  nitrogen  by  the  plants  of 
this  family.  Like  carbon,  nitrogen  is  one  of  the  elements  essential 
to  plant-life,  being  one  of  the  constituents  of  protoplasm  and 
present  in  various  nitrogenous  (protein)  compounds  which  occur 
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Leguminos^e,  with  possibly  a  few  exceptions,  are  able  to  assimi- 
late atmospheric  nitrogen,  and  in  this  respect  the  majorit>'  of  the 
Leguminosa;  stand  a*  a  class  bv  themselves.  .Apparently  in 
direct  relation  to  this  character  stands  the  fact  that  the  seeds  of 
these  plants  contain  a  hiph  percentage  of  nitrogen.  This  special 
ability  of  the  Legiiminos;e  to  fix  atmospheric  nitrogen  in  the  plants 
depends  upon  the  presence  of  the  nodules,  which  are  due  to  the 


\i 


Pio.  64.  Root  tubercles  od  Luihdus,  on«  of  the  Legumttu^tr:  A,  rooU  with  tubercles: 
B,  tnuuvcrw  section  of  root  sbowing  the  celli  {b)  which  oontAin  the  nitrogen  bACteiu. — 
A,  iJt«  Taubert ;  D,  mfter  Pnnk. 

infection  of  the  roots  by  a  soil-bacterium  (Pseudomouas  radici- 
coia),  although  the  precise  mode  of  fixing  the  nitrogen  is  not 
known.  The  bacteria  seem  to  be  localized  in  the  nodules  and  are 
not  found  in  any  other  part  of  the  plant. 

It  has  been  shown  that  when  the  roots  of  leguminous  plants 
are  free  from  nodules  they  do  not  have  the  power  of  assimilating 
free  nitrogen.  On  the  other  hand  when  the  nodules  produced  by 
the  bacteria  are  developed,  the  plants  will  g^row  in  soil  practically 
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free  from  nitrogen  salts.  Because  of  this  power  the  plants  of  this 
ianiily  are  useful  in  restoring  worn-out  land,  i.e.,  land  in  which 
the  supply  of  nitrogen  is  exhausted,  and  they  thus  play  an  impor- 
tant rule  in  agricultural  pursuits. 

The  enriching  of  the  soil  is  accomplished  by  ploughing  under ' 
the  legiwninous  crops,  as  of  clover  or  alfalfa,  or  allowing  the 
nodule-producing  roots  to  decay,  when  the  nitrogen  compounds 
are  distributed  in  the  soil. 


II.   THE  STEM. 

The  stem,  or  ascending  axis  of  the  plant,  usually  grows  in  a 
direction  opposite  to  that  of  the  root,  seeking  the  light  and  air. 
The  tendency  of  the  stem  to  grow  upward  is  characteristic  of 
the  majority  of  plants,  and  is  spoken  of  as  negative  i.EaxRoPisM. 
The  growing  point  of  the  stem  is  at  the  apex,  and  it  is  protected 
by  the  embryonic  leaves  (Fig.  108.  B). 

Stems  are  further  characterized  by  bearing  leaves,  or  modi- 
fications of  them.  The  leaves  occur  at  regular  inten'als  in  the 
same  species,  and  that  portion  of  the  stem  from  which  they  arise 
is  spoken  of  as  a  node,  while  the  intervening  portion  is  called  an 
intern  ode. 

Stem  Branches  usually  arise  in  the  axils  of  the  leaves, 
first  appearing  as  little  protuberances,  sometimes  spoken  of  as 
primordia.  on  the  stem.  Their  origin  differs  from  that  of  the 
root  branches,  in  that  they  arise  from  nierislematic  or  embryonic 
tissue  (p.  181)  developed  just  beneath  the  epidermis.  The 
branches;  like  the  main  axis,  manifei*!  negative  geotropism. 
although  to  a  lesser  degree.  They  likewise  possess  a  growing 
point  at  ihe  apex,  covered  with  embryonic  leaves  (Fig.  108). 
Not  infre<|ucntly  more  than  one  branch  arises  in  the  leaf  axil. 

Buds  may  be  defined  as  embryonic  stems  or  branches. 
The  buds  at  the  ends  of  stems  or  branches  are  known  as  apical, 
or  TKKMiNAL  RUDS,  and  those  situated  in  the  axils  of  the  leaves,  as, 
AXILLARY  BUDS.  In  some  cases  they  are  protected  by  scales.  aa| 
in  hickory,  when  they  are  known  as  scaly  buds;  while  buds  which 
are  not  thus  protected,  are  called  naked  buds.  Tliey  are  further 
distinguished  as  leaf,  flower,  and  mixed  buds,  accordingly  as  they 
develop  into  leaves,  or  flowers,  or  both. 
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We  have  to  distinguish  between  overground  shoots  and  under- 
ground shoots.  The  former  are  sometimes  designated  as  epi- 
geous  (upon  the  earth)  and  the  latter  as  hypogeous  umder  the 
earth). 

Epigeous  Shoots. — As  would  be  supposed  these  two  kinds 
of  shoots  vary  to  a  certain  extent.    In  epigeous  shoots  a  number 
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Pto.  6s.  A.  woody  vine  of  Canftda  moonwed  iMfttiMpfrmum  tanadtns*').  which  fttcends 
by  txlfdoi*  to  the  riflhc,  B.  «em  nf  wlM  yamroot  (thMCorta  viltosa).  which  ascends  by 
Iwtning  to  the  left,  and  several  of  the  characteristic  3-winf{ed  capsulcx  at    the  top. 

The  (wiriina  movemcnn  o(  tlfm  climber*  ire  due  to  ihf  fttimuliif  <"jf  Krnvity  rather 
than  to  contac;  ttimulus.  and  in  the  mujority  yf  twitting  plants  the  rcv-olvin(f  movtmeni*. 
M  SKtn  from  the  side,  art  from  thvleft  to  The  ripht.  i,  f.,in  n  ihrwtion  oprositp  tn  thsT  of 
the  handf  of  a  watch  if  repre«entef!  ihayrammatically.  (A.)  WhJlc  the  directi^^n  ii  umiRlly 
conn»m  for  both  Icft-hnmi  twiners  and  riffht-hand  twiners  Individuals  of  the  same  species 
ur  even  difler«nt  branchec  on  the  aamt^  «tcin.  may  Iwine  tn  opponte  directions,  as  Wtt'orta 
cltitMtuiS  and  SoianuiH  DHlcamata. 

of  features  may  he  noted.  If  the  intcrtiodes  arc  long  the  leaves 
do  not  usually  iiuerfere  with  one  another  so  far  as  exposure  to 
light  IS  concerned,  but  if  the  inteniotics  are  short,  the  leaves  are 
all  brought  close  together  on  the  axis,  and  hence  were  it  not  for 
various  modifications,  their  relation  to  light  would  be  very 
unequal.     5H5nietimes  the  shoot-axis  may  share  with  the  leaves 
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the  work  of  assimilation,  as  in  the  case  of  certain  green  stems. 
Then  again  there  are  cases  in  which  the  leaves  are  reduced,  and 
the  work  of  assimilation  is  carried  on  exclusively  by  the  shoot- 


Fic.  66.  Bryonia  dioica.  a,  young,  spirally  coiled  tendril;  b,  expanded  and  irritable 
tendril:  c,  tendril  which  has  ((rasped  a  support;  d,  tendril  which  has  not  grasped  a  supiiort, 
and  has  undergone  the  old-age  coiling. — After  Pfefler. 


axes,  as  in  most  Cactaceit,  certain  marsh-plants  and  others.  On 
the  other  hand  the  shoot-axis  may  be  modified  so  as  to  increase  the 
assimilating  surface,  as  by  a  flattening  of  the  axis,  as  in  some  of 
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circumnutating  movement  of  the  stem,  as  in  the  morning  glorj-, 
Menispennum  {Fig  65),  etc.  Climbers,  however,  ascend  by 
means  of  sptcial  structures,  as  the  aerial  roots  of  the  ivy,  and  are 
termed  root  climbers :  or  they  may  climb  by  means  of  leaves,  as 
in  Clematis,  and  tlicse  are  known  as  leaf  climbers;  still  others 
climb  hy  means  of  tendrils,  as  in  the  grape  and  ftryonia  and  these 
are  known  as  tendril  clinihers  (Fig.  (td).  These  tendrils,  which 
are  thread-like  mo<lifications  of  the  stem,  are  in  some  cases  pro- 
vided with  disk-like  attachments  for  holding  the  plant  in  position, 
as  in  the  V'irginia  creeper.  Twiners  and  climbers  are  sometimes 
spoken  of  as  lianes  l  lianas),  jiarticularly  those  of  tropical 
regions,  where  they  form  a  pmminent  fcalnre  of  the  forest  vege- 
tation.     The    lianes   usually    have   rope-like,    woody   stems,   the 
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Pio.  AS.  KhMome  of  Pudotihyllum  rtprtMntinit  ihrre  yean'  erowth:  IP.  tin*  t«rtiuna1 
bud  of  but  ytor:  V.  the  corropondlne  one  o(  the  present  year,  B,  Ihe  tenninB]  onp  ot  i)-.e 
cDtire  fhiuitae  will  ilevrloii  in  the  •priuK  uf  next  yau-.  L'  uul  L*  indicate  ttw  scars  of  narail 
knvcs  o(  the  two  {TccetxUag  yean'  Kiowtb.  Ir*  and  ifi,  Utcai  buds.^After  Holm, 


formation  of  leaves  being  either  suppressed  or  retarded,  and  ihey 
often  run  for  long  distances  over  the  ground  and  climb  to  the  tups 
of  the  tallest  trees.  They  are  also  fre<|Liently  characterized  by  an 
anomalous  stem-structure,  the  trachea;  being  \ery  large. 

Stems  vary  furtliermorc  in  size  and  form.  While  most  stctns 
are  ?nore  or  less  cylindrical  or  terete,  other  forms  also  occur,  as 
the  flattened  stems  in  the  Cactacea:;  triangular  in  the  CypcraccK, 
antl  <ju3drangu!ar  in  the  Laljiatx  and  Scrophulariaccse. 

Hypogeous  Shoots. — While  most  stems  attain  a  more  or 
less  erect  position  as  in  trees  and  shrubs  there  are  others  which 
bend  over  to  one  side,  or  lie  prostrate  on  the  ground,  and  in  some 
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cases  produce  rcxjts  from  the  nodes,  as  in  Mentha  sf*icata  (Fig. 
67).    The^e  latter  are  known  as  SToixixs  or  runners. 

Fiirthcmiore  the  stems  of  a  niimlrer  of  plants  prow  untlcr- 
ground  and  these  are  known  as  KHizoMiis  or  himit-stocks;  from 
the  upper  portion  of  the  nodes  overground  branches  arise  which 
bear  leaves  iso  that  the  work  of  assimilation  may  he  carried  on) 
as  well  as  flowers,  and  from  the  lower  surface,  roots.  A  famUiar 
cxantple  of  this  type  of  plant  is  the  Mav-apple  {Podofhyllum) 
(Fig.  68).  ' 


Fig.  69.  Specitncni  of  "orris  tt>ot"  of  commerce  connsUnii  o{  peeled  fncccs  of  ibe 
rUxomeeof  Iris  Horenlitta.  The  rhiiomes  are  mostiy  dicbotomou*.  the  Inancbo  becoming 
oboooic*!  and  u[  choracteriitic  »hAp«. 


While  most  rhizomes  arc  perceptibly  thickened,  and  more  or 
less  flcsliy  wlien  fresh,  as  Sunguinaria.  in  other  instances  they  are 
of  the  ordinan,-  thickness  of  the  overground  stem. 

There  are  some  rhizomes  that  are  excessively  thickened,  as 
in  the  common  white  potato,  and  these  are  called  tvoeks.  The 
so-called  "  eyes "  represent  the  nodes,  from  which  the  leaves 
and   branches   arise.     Tubers   should    not   be    confounded    with 
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mbcrous  foeCs.  as  tfiose  of  the  nreec  potato  and  jalap,  hir  these 
latter  have  the  morphoksgkaJ  charactm  of  roots. 

Iflstead  ot  the  ootJe.  or  inceniode,  or  bocb,  ^'/■■■■'itg.  tMiuA 
twtiy  tbicfceneai,  they  nay  be  reduced  in  ftze  and  oowrifcd  opoo 
each  other,  the  leaves  at  the  nine  time  ^■■■■■"Te  t^K^tiw^  asad 
filed  with  uutiuiiewt.  Sacb  a  nsMlificd  ftem  and  leaves^  as  in  the 
cman,  is  called  a  buui,  BcAs  asc  nswiiiiics  prodBced  in  tlK  B3^ 
of  Ifce  leaves  of  uvu|^uuiid  stems,  as  m  somr  fiSes.  and  an  ten 
caBef!  Isdbils  or  bad-fcnlbs.  or  ther  mar  be  pfudmed  at  the  ends 
ol  brandKS  ifjilMinK  tfar  flunuK  u  in  ABionL  Bobs  and  tobcrs 
scnre  as  sCoiagc-organs  and  carry  the  life  of  the  plant  over  from 
one  season  to  another  or  thev  may  m  some  imiances  tide  over 
Mifatoralrfe  condknos.  The  thickened  Aesfay  Mems  of  Cactacc^ 
are  also  regarded  &a  fiorage  organs. 

A  ojAm   is  inlermediate  betweeu  a  troe  tnber  and  a  bolb: 
(I  is  more  in  the  natme  of  a  thickened  tntcmode.  beta|^  suiiuuuded 
in  some  cases  by  thin  manfanxDons  scales,  as  in  Crocus  and  Col- 
in.  THE  LEAF 

Leaves  arise  as  lateral  devekipments  on  branches,  being 
dcrivfJ  fnxn  primordia  vhidi  hare  their  origin  in  the  merbtem- 
atic  tiisoc  at  the  vegetative  point,  and  yoimg^  leaves  are  accord- 
ingly at  the  ends  of  the  branches. 

A  Simple  Leaf  consists  of  a  lauisa  or  blade,  which  is  o^u- 
atljr  mcrahranoos  and  of  a  sreen  color,  and  a  petiol^e  or  stalk, 
which.  IxwrvcT.  may  be  wanting  when  the  leaf  is  said  to  be  sessile. 
Leaver  mar  alK>  poise s»  a  pair  of  leaf-like  structures  at  the  base. 
known  a*  imrt.'Uis  (Ftjfs.  70.  74).  The  principal  function  of 
tlie  tattrr  appears  to  Im:  that  of  protecting  the  bud«.  as  in  the 
lulip  f^yf^lar  ( LihodtnJron  1  i  Fig.  74 ) .  ahhoiigh  they  may 
licrome  leaf-like  and  assist  in  the  fimctions  of  the  lamina,  as  in 
thr   fjdin«y    t  Viola  IrUolor )    iVX^    /O). 

Ugbt  Relation  of  Leaves. — ^^'hiIe  the  lamina  of  the  leaf 

appear*  to  aftfliime  a  more  or  less  horizontal  position,  it  usually 

}ncS{nca  at  sofh  an  anple  as  to  receive  the  prcatest  amount  of  dif- 

fifw-d  <l)lyTi(tht      VVtcfincr  has  shown,   for   instance,  that   when 

*  iff  •o  sittMted  tliat  they  receive  direct  sunlight  only  for  a 
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time  in  the  moming^,  and  diffused  daylight  durinjf  the  rest  of  the 
day,  the  position  of  the  upper  surface  is  at  right  angles  to  the 
incident  rays  of  daylight,  and  not  to  that  of  the  rays  of  the  morn- 
ing sun.  This  phenomenon  may  be  studied  in  the  house  geranium 
and  other  window  plants.  In  endeavoring  to  explain  this  behavior 
of  the  leaves,  Frank  assumes  it  to  be  due  to  a  kind  of  heliotropic 
irritability  peculiar  to  dorsivcntral  organs,  and  terms  it  trans- 

VEkSE  HELIOTROI'ISM. 


I 


\ 


Fig.  70.     A.  le«X  of  violet  ( Viotu  Ificuhr)  sbanriim  broad  l«niina.  kmg  pctblc.  and  one 
of  the  p«]matcly-loljed  siitnilcs  al  the  box  of  the  petiok.     B.  C.  sUgcs  in  tb«  dcvdop- 
Bt  a(  tb«  l«af.    Tlw  lobei  of  th«  ilipulea  (i)  develop  before  the  laiiun*  ID. 


The  Stem,  as  well  as  the  petiole  or  stalk  of  the  leaf,  is  also 
influenced  by  the  light,  and  is  said  to  majiifest  positive  lielio- 
Iropism.  Those  parts  of  plants  that  turn  away  from  the  light,  as 
the  aerial  roots  of  the  ivy.  are  said  to  possess  negative  helio- 
tropisni. 

Depending  upon  their  relation  to  external  agents,  several  forms 
of  leaves  are  distinguished.  In  those  which  assume  a  more  or 
less  horizontal  po.«;ition  the  two  surfaces  of  the  lamina  are  quite 
diflfercnt,  and  the  leaves  are  said  to  be  wjrsiventral,  or  bifacial. 


io8 
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Usually  llicrc  is  a  more  compact  arrangement  or  stronger  develop- 
ment of  chluniphylt  tissue  on  the  upper  or  ventral  surface,  while 
on  the  lower  or  dorsal  surface  the  veins  stand  out  more  promi- 
nenth,  and  there  is  a  greater  number  uf  stomata  or  hreathing 
pores,  l-'requenlly  when  the  winil  is  blowing  strongly  tlie  dorsal 
surface  of  the  leaves  will  be  brought  into  view  an<I  in  some 
instances  they  appear  almost  white,  as  in  certain  maples  and 
willows. 

In  contrast  with  this  t>pe  of  leaf  may  be  mentioned  those 
which  grow  edgewise  and  in  which  !)oth  surfaces  of  the  leaf  are 
more  or  less  alike,  as  in  the  Eucalypts  and  Acacias  of  Australia. 


.    '^A/ 


Plo.  7t.  Am^can  scnrm  ICajiia  marilandica').  Tht-  fiKurr  nl  the  Irfl  ethows  the  jJin- 
natrly-a>mi>ounil  Icavck  in  '.be  d.iy  |to«ilion  when  under  itu:  intiu«o(-c  ol  liuhl.  And  the  one 
to  the  right  ttic  drooping  positioD  of  tbe  leaflcu  at  night. 


Such  leaves  are  bilateral,  and  other  examples  are  furnished  by 
friSf  Cat-tail  {Tyf*ha)  and  Calamus.  Another  type  of  leaf  is  the 
radial.  This  is  illustrated  by  Juticiis.  the  leaves  of  whicli  are 
hollow  and  cylindric. 

Functions  of  the  Leaf. — When  we  speak  of  the  leaves  of 
the  plant  we  visually  have  in  mind  the  foliage  leaves  or  green 
chlorophyll  leaves. 

Under  the  influence  nf  sunlight  the  chtoroplasts  arc  able  to 
rearrange  the  elements  In  carbon  dioxide  and  water,  which  are 
looked  upon  as  inorganic  substances,  into  starch  or  related  com- 
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pouiuU  which  are  of  an  organic  nature.  This  process  is  known 
%5  carbon  dioxiJe  assimilation,  or  I'HuniSYXTiitisis.  which  latter 
tcnn  nitrans  tlit  biiiltling  iip  of  a  comijnimrl  untler  the  influence  of 
light.  In  this  process,  wliich  is  sonielimes  expressed  hy  the  fol- 
lowing formula,  oxygen  is  given  oflF: 

6CO,  +  5H,0  :=  C,H,<.0„  +  60, 

Cvboo  DIoJiide         W«tcr  !>tucti  Uayfttn 

The  importance  of  this  fimction  can  be  best  appreciated  by 
bearing  in  mind  tiiat  all  of  the  organic  products  built  up  by  tlic 
plant  arc  tlerivcd  almost  entirely  from  the  carbon  dioxide  of  the 
air  which  is  taken  in  through  the  Itaves. 

Transpiration  and  respiration  are  al.so  functions  of  the  leaf. 
TuANsi'iKATKiN  is  the  giving  off  of  water  (through  watcr-ixjres), 
or  watery  vapor  (through  the  stomataj,  which  has  been  iibsorlxd 
by  the  root  hairs  and  transported  through  the  tissues  of  the  root, 
stem  and  leaf;  the  process  of  breathing,  or  ki-:si'IKation,  consists 
in  the  taking  in  of  oxygen  and  giving  off  of  carbon  dioxide,  the 
exchange  being  just  the  reverse  of  what  it  ts  in  photosynthesis. 
These  several  functions  are.  Irowever.  not  confined  to  the  leaf 
alone,  but  are  carried  on  by  all  the  green  parts  of  the  plant. 

Leaf  Venation. — The  foliage  leaves  of  higher  plants  are 
traversed  by  vascular  bundles,  which  enter  the  blade  tlirougli  the 
I>etiole  and  diverge  at  the  base,  or,  as  in  the  case  <.>f  Dicotyledons, 
branch  in  various  ways;  and  it  will  be  seen  that  the  form  of  the 
leaves  corresponds  to  the  distribution  of  the  Imndlcs.  These 
Inmdles  arc  known  as  veins  or  nerves,  and  they  have  t^vo  func- 
tions, namely,  (i)  that  of  a  mechanical  support,  and  (2)  that  of 
carrying  imtritive  materials  to  and  from  the  leaves. 

The  mode  of  venation  in .  Monocotyledons  and  Dicotyledons 
differs  somewhat,  but  it  will  lie  found  that  in  a  number  of  instances 
the  venation  of  leaves  of  plants  belonging  to  one  of  these  great 
groups  will  resemble  that  of  the  leaves  of  certain  plants  in  the 
other  group.  However,  there  arc  certain  general  types  belonging 
to  each  group  (Fig.  72). 

Venation  in  Monocot>t.edons. — An  examination  of  the 
leaf  of  lily-of-tlie-vallcy  shows  that  the  veins  arise  at  the  base 
and  run  more  or  less  parallel  to  the  apex.  Such  a  leaf  is  said  to 
be  P.^RALLEL-vEiNED  or  NERVED.    It  Will  morcover  be  noticed  that 
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the  distribution  of  the  veins  in  this  manner  prcxiuces  a  lamina 
with  an  even,  or  entire  margin,  and  such  a  system  of  venation  is 
known  as  a  closed  system  of  venation.  The  leaves  of  V'cratrum 
(Fig.  ijy)  and  Zeo  Mays,  furnish  otlier  examples  of  parallel- 
nerved  leaves. 

In  palms  (Fig.  25O  the  venation  is  somewhat  different.  Tlie 
veins  instead  of  converging  toward  the  apex  as  they  do  in  the 
nK>rc  or  less  lanceolate  leaf  of  lily-of-the  valley,  radiate  from  the 
base  to  the  margin  of  the  more  or  less  roun^  leaf,  and  a  leaf  of 
this  type  is  said  10  Ixr  r.\LMi-NERVEn. 


^'JA 


/ 


B 


Ptr.  7].  l^af  x'rnBlion:  A,  panU1«I-v«ined  lenf  of  Soloroon's  Ksl  fVattKra  race- 
mcta't;  B,  piniuildy-rcticalKlc  I«a/of  chestnut;  C.  pKlmstcly-vdned  letf  of  MtHUpfrmum 
<afiadtns«. 


There  is  still  a  third  tvpe  of  venation  in  ^fonocotyledons. 
Tn  this  instance  one  principal  vein  runs  from  the  base  to  the  apex 
of  the  leaf,  and  from  this  branches  run  parallel  to  the  margin. 
The  banana  furnishes  an  example  of  this  type,  and  is  said  to  be 

PINNI-NERVED. 

Venation  in  Dicotyledons. — Here  the  veins  are  charac- 
terized by  their  habit  of  repeatedly  branching  and  anastomosing, 
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sha[>ed;  coNNAXE-yEKFoLiATE,  when  opposite  leaves  are  con- 
nected at  the  base  and  surrotind  the  stem ;  I'eki-'uliate,  when  the 
leaf  simply  clasps  the  stem.  In  Monocotyledons  the  base  of  the 
leaf  is  frequently  prcJonged  into  a  sheath,  whicli  may  entirely 
'surround  the  stem,  as  in  grasses,  and  is  known  as  a  Lioct^. 

Maki;in  of  Leaf. — \'ery  few  leaves  of  <lic()tyledonous  plants 
[Kissess  an  even  margin,  and  according  to  the  degree  and  charac- 
ter of  the  incisions  or  indentations  they  are  described  as  serrate^ 
when  the  apex  of  the  divisions  or  tcctli  is  sharp  and  directed  for- 
ward like  the  teeth  of  a  saw ;  oentate,  when  the  divisions  project 
outward;  cbenate.  wheti  the  teeth  are  more  or  less  rounded; 
REPANi),  when  the  margin  is  somewhat  wavy:  sinuate,  when  the 
wavy  character  is  pronounced ;  u:?bei>,  when  tJie  incisions  extend 
not  more  tlian  half-way  into  the  lamina,  and  the  sinus  (or  hollow) 
and  the  lobe  are  more  or  less  rounded:  a.EFT,  when  the  incisions 
are  still  decjjer  and  llie  sinuses  and  lobes  arc  somewhat  acute; 
and  DIVIDED  (Figs.  75  and  76),  when  the  incisions  extend  almost 
to  the  midrib. 

Compound  Lrcaves. — The  divisions  of  a  parted  leaf  may 
assume  the  form  of  a  simple  leaf,  when  the  divisions  arc  known 
as  i.EAPl.KTS  and  the  whole  as  a  com|K>und  leaf.  The  distinction 
between  a  simple  leaf  and  a  leaflet  is,  that  the  former  has  a  bud  in 
the  axil.  The  difTerence  between  the  divisions  of  a  simple  leaf 
and  those  of  a  conijKJund  leaf  is  this. — in  the  former  they  never 
become  detached  froni  the  petiole  or  midrib,  whereas  in  the  com- 
pound leaf  they  arc  articulated  and  drop  off  individually.  Com- 
IMJund  leaves  may  be  divitlcd  into  I'iN'NATFLV-conijiound  (  Fig.  74) 
or  I'Ai.M ATELV-compound  (Fig.  78,  /:|,  this  distinction  dc'ixnd- 
ing  upt')n  whether  t]ie  leaflets  are  arranged  pinnatuly  or  palmatelv. 
A  number  of  forms  of  pinnatcly-compound  leaves  are  recognized. 
When  the  leaflets  arc  all  lateral  (Fig.  71)  the  leaf  is  said  to  he 
pari-pinnate;  when  there  is  an  odd  or  terminal  leaflet  as  in 
the  locust  ( Fig.  74)  the  leaf  is  impari-pinnate;  when  the  midrib 
is  prolonged  into  a  tendril  as  in  the  gardcn-pca  {Pisum)  the 
leaf  is  said  to  be  cirrhikerous-pinnate. 

Movements  of  Leaves. — The  leaves  as  well  as  other  organs 
of  plants  exhibit  a  variety  of  movements  or  curvatures  in  response 
to  stimuli  of  different  kind?,  and  are  said  to  possess  the  property 
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developmciU  from  tlic  young  to  the  mature  stage.  These  are 
known  as  growth  movements  or  nutation.  They  are  esi>ecially 
noticeable  in  tips  of  growing  branches,  which  instead  of  growing 
in  a  straight  Une.  move  either  from  one  side  to  the  other,  or  coil 
or  curve  about  an  imaginary  axis.  This  spiral  movement  is 
known  as  circunmutation  and  is  characteristic  of  twining  stems  and 
tendrils,  as  tlie  hop  vine  { Fig.  136)  and  tendrils  of  Bryonia  (Fig. 
66).  N'utation  curvatures  are  due  tu  uiietjual  growth  on  two  sides 
of  the  organ  and  cease  when  there  is  a  cessation  in  growth  or 
when  the  plant  lias  reached  maturity. 

'I'lle  movements  of  organs  due  to  external  stimuli  are  usually 
in  a  direction  which  allows  a  relation  to  the  direction  of  the  stim- 
ulus, as  those  produced  by  gravity  and  light  (Fig.  61 ).  and  these 
movements  are  of  use  in  bringing  the  organs  into  more  favorable 
positions  for  growtli.  Stimuli  of  this  kind  are  spoken  of  as 
orienting  or  tkoimc.  The  compound  leaves  of  a  number  of  plants 
exhibit  in  addition  certain  variable  and  periodic  movements,  which 
have  their  origin  in  a  special  mechanism  k-nown  as  the  pulvixis. 
The  pulvinis  appears  as  a  swelling  on  the  petiole  and  consists  of 
parenchymatous  tissue  which  is  higiily  turgid,  i.e.  full  of  water. 
Any  stimulus,  such  as  mechanical  shock,  which  causes  a  differ- 
ence in  the  degree  of  tnrgidit>  on  two  sides,  will  result  in  a  move- 
ment of  the  lc<ives  in  such  plants  as  Mimosa,  ( )xalis  and  locust. 
The  leaves  of  Mimosa  fmdica,  a  common  cultivated  sensitive  plant, 
show  a  very  rapid  response  to  such  stimuli,  the  leaflets  folding 
together  and  the  petiole  and  jietiolules  drooping.  In  other  cases 
there  is  a  cliangc  in  the  position  of  the  leaves  following  the  alter- 
nations of  day  and  night.  During  the  day  the  leaflets  are  spread 
out  freely,  but  at  night  or  in  darkness  they  droop  and  fold 
together.  These  are  spoken  of  as  nyctinastic  (nyctitropic)  or 
"  sleep  movements,"  and  are  exhibited  by  a  number  of  leguminous 
plants,  as  clover,  bean.  Cassia  (Fig.  71).  and  by  wood-sorrel 
(Oxalis  Acetosclla)  and  various  cultivated  species  of  Oxalis.  The 
leaves  of  Oxalis  as  well  as  of  some  other  plants  fold  together 
under  the  influence  of  intense  light  as  well  as  at  night  or  when 
the  amount  of  light  is  reduced.  Of  special  interest  also  are  the 
lateral  leaflets  of  Desmodtum  ^^yrans  (telegraph  plant)  which 
describe  curvatures  at  more  or  less  regular  intervals  day  and 
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night  when  the  temperature  is  favorable.  The  leaves  of  the 
sundew  {Droscra)  are  remarkable  for  their  sensitiveness  lo  touch. 
The  upper  surface  and  margin  are  provided  with  peculiar  hairs 
or  tentacles  (Fig.  77.  //)  which  when  touched,  as  by  an  insect, 
gradually  curve  inward.  Not  only  this,  the  stimulu.s  may  bu  trans- 
mitteil  to  other  tentacles  and  sometimes  even  the  blade  itself  may 
roll  inward  to  some  extent,  thus  entrappinj;  small  insects  which 
serve  as  food  to  the  plant.    Tlie  leaves  of  a  related  plant  Dionoea 


n 


^  ^^ 
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Pia.  77.  So-called  cnmivorDUs  pt&nte.  I,  the  pitcher  plant  iSarrtu^nia  purpursdi 
showm's  the  mcnJifinl  pitcharlike  leaves  (A)  writh  loAaUd  portion  which  naniiwK  into  tba 
peiinb,  an<l  a  trrmtnn].  mure  or  1«a  ^pmadintc  nntiKed  pcirtion ,  and  a  Honrer  ami  ilawrr-bud 
(B).  11,  Thrva  species  oE  sundew-.  A.  Ufi^ieta  mluHdifolta;  R.  D.  insmtudui;  C,  D. 
imxi/fflM.— I.  aftvr  Urmy,   II.   «(ler  Dnwlc. 

are  even  more  sensitive  and  when  special  hairs  on  the  blade  are 
touchc<l  that  part  of  the  lamina  bearing  these  hairs  closes  with  a 
quick,  trap-like  movement  imprisoning  its  insect  prey. 

Phyllotaxy,  or  phyllotaxis,  is  the  study  of  the  distribution 
of  leaves  upon  the  stem,  and  of  the  laws  which  govern  it.  If  we 
examine  germinating  plants  of  the  beech,  the  elm.  or  the  oak,  we 
obser\'e  that,  while  the  seed-leaves  are  opposite  to  each  other,  the 
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^       subset|uent  leaves  are  arrangeil  according  to  a  different  order  in              ^^H 
tiiese  several  plants,  but  in  a  definite  maimer  in  each.  In  the  chn,               ^^^^ 
the  distribution  of  the  leaves  is  such  that  the  third  leaf  is  directly              ^^H 
above  the  first ;  in  the  lieech.  the  fourth  leaf  is  ab{)ve  the  first,  and              ^^^| 
in  the  oak.  the  sixth  leaf  is  alxive  the  tirsl.      If  these  leaves  are  con-              ^^^| 
nected  in  the  order  of  their  development,  it  will  be  seen  that  they              ^^^| 
describe  a  spiral  in  their  arraii^enienl,  and  it  wUl  also  be  found              ^^^| 
that  one  or  more  circuits  of  the  stem  are  made  bct\veen  the  super-              ^^^| 
imposed  leaves.    Furthermore,  it  will  be  found  that  this  arrange-              ^^H 
nienl  constitutes  a  mathematical  scries  which  mayjbe  expressed              ^^H 
in  degrees,  or  the  parts  of  a  circle  that  the  leaves  are  from  each              ^^H 
other,  this  measure  being  known  as  divergence  ;  or  by  the  numlwr             ^^H 
of  perpendicular  rows  of  leaves  on  the  stem,  which  arc  known  as              ^^^| 

OHTIIOSTICHIRS.                                                                                                                                               ^^H 

^^^            The  following  may  serve  to  illustrate  the  terms  used :                           ^^H 

^^^^^^H                            t-KAVia. 

DrraioufCB. 

"■■""      1 

DiffBUr 

PwUdTaCiiclt. 

ISO 

<44 

1 

Distichous                             ^^^^1 
Tmlichous                          ^^^H 
FcDtA&licboiu                      ^^^1 

H          Oftk 

^^V            If  we  examine  the  fractions  tised.  we  will  find  that  the  numer-             ^^H 
m            ator  indicates  the  number  of  turns  around  the  stem  before  enconn-             ^^H 

■  tering  a  superimposed  leaf,  and  that  the  denominator  indicates             ^^H 

■  the  number  of  leaves  foimd;  the  latter  also  expresses  the  luimber             ^^^| 
H            of  orthostichies.    On  adding  the  numerators  and  denominators  of              ^^H 
^^H       any  two  successive  fractions,  a  fraction  is  obtained  which  ex-             ^^H 
^^V       presses  the  next  highest  arrangement,  as                                                     ^^H 

^^^             In  quite  a  number  of  plants  two  leaves  arise  at  the  nodes,  as              ^^H 
H             in  the  Labiata:.    These  arc  invariably  situated  opposite  each  other              ^^^| 
1            on  the  stem,  and  the  successive  pairs  alternate  with  one  another,              ^^M 
1            forming  the  decussate  arrangement  of  leaves   (Figs.  67,   136.             ^^H 
^t           168.  172).                                                                                                     ^^M 
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leaf,  as  in  tlie  acacias,  of  Australia ;  or  it  may  become  bladdcr- 
likc  and  serve  as  a  means  for  Hoating  the  plant,  as  in  the  water 
hyacintli.  Tile  stipules  may  likewise  be  modified,  becoming  leaf- 
like, as  in  the  pansy  (lig.  70)  ;  or  inetaniori'hoscd  into  ihorns,  as 
in  the  locust;  or  clasping,  as  in  Polygonum.  In  some  cases  tlie 
leaves  are  ven'  much  reduced,  their  functions  "being  performed  by 
the  stem,  as  in  Cactaccre,  or  even  by  the  roots,  as  in  some  orchids 
which  have  assimilating  roots. 

Prefoliation  or  vernation  is  the  disposition  of  leaves  In  the 
bud.  The  terms  used  to  describe  the  folding  of  the  leaves  in  the 
bud  are  derived  from  an  examination  of  transverse  sections  of 
the  bud.  The  following  are  some  of  the  tenns  which  arc  cm- 
ployed  :  coNDUPLicATE,  wlicu  the  lamina  of  the  leaf  is  foKled 
lengthwise  along  the  midrib  so  tliat  the  two  halves  of  the  upper 
surface  lie  togctlicr.  as  in  the  Mai^nolMcccr:  fLiCATF.  or  plaited, 
when  the  lamina  is  folded  along  the  veins,  like  a  closed  fan,  as  in 
the  maples;  convolute^  when  rolled  lengthwise  and  forming  a 
coil  in  cross  section,  as  in  the  Rosacea':  iwollte,  when  both  mar- 
gins are  inrolled  lengthwise  on  the  upper  surface,  as  in  the  violets; 
REVOLtJTE,  when  both  margins  are  inrolled  lengthwise  on  the  lower 
surface,  as  in  Azalea. 

In  addition,  there  are  several  terms  used  which  are  derived 
from  the  appearance  of  the  bud,  as  Reci-Tnate  or  inflexed,  when 
the  upper  part  is  bent  on  the  lower,  as  in  T-iriodendron;  and 
ciRciNATE,  when  the  upper  part  is  coiled  on  the  lower  so  that  the 
tip  of  the  leaf  is  in  the  center  of  the  coil,  as  in  the  ferns. 


IV  THE  FLOWER. 

Structure  of  the  Flower. — It  is  well  known  that  if  a  por- 
tion of  the  stem  of  a  jjlant.  including  one  or  more  nodes,  be  placed 
under  suitable  conditions  for  growth,  roots  will  arise  from  the 
nodes  that  are  in  the  ground  and  a  new  plant  will  be  developed. 
This  method  of  increasing  the  number  of  individuals  is  frequently 
resorted  to  by  horticulturists,  and  is  known  as  vegetative  propa- 
gation. The  process  is  wholly  asexual  and  depends  upon  the 
division  of  old  cells  to  form  new  ones.  It  is  fortunate,  however, 
that  owing  to  the  special  conditions  required  in  this  method  of 
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perpetuation  of  species,  other  methods  of  rqjrothiction  are  fol- 
lowed in  nature,  the  most  ini|X>rtant  one  of  which  rlt.-])ends  upon 
the  development  of  flowers  and  the  productitjn  of  seal. 

While  the  flower  is  a  verv  complicated  structure  in  many 
cases,  the  definition  given  it  by  some  writers  is  very  simple.  It 
is  defined  as  a  branch  which  bears  sporophylls.  As  we  have 
seen,  a  sporophylt  is  a  leaf  which  bears  sporangia.  According*  to 
the  definition  given,  the  strobiles  or  cones  of  the  Ciymiiospcrnis 
and  certain  I^teridophytcs,  as  the  horsetails  and  club  mosses, 
are  entitled  to  rank  as  flowers.  In  Angiosperms  other  leaves  may 
be  present., and  these  are  known  as  the  fi^>r.\l  lkavks.  The 
flower  then  in  Ang^osi>crms  is  made  up  of  sporophylls  which  arc 
essentia],  and  floral  leaves  which  may  or  may  not  be  present.  But 
in  speaking  of  the  sporophylls  of  the  flower  in  Angiosperms  it  is 
customary  to  use  terms  which  were  applied  to  them  before  their 
relation  to  the  similar  organs  in  the  Gmynosperms  and  Pterido- 
phytes  was  understood.  Thus  the  niicrosporophylls  as  already 
pointed  out,  are  known  as  stamens,  and  the  megasporophylls  as 

C.VRPEI^. 

For  a  great  many  years  botanists  taught  that  the  stamens  and 
carpels  are  transformed  foliage  leaves, — in  other  words  that  they 
are  derived  from  foliage  leaves,  but  in  more  recent  years  the  view 
has  been  established  thai  they  arise  as  independent  members,  are  in 
fact  as  independent  as  the  foliage  leaves  themselves.  \^arious 
trans  fonn  at  ions  or  modifications  may  and  <lo  occur,  but  these 
are  not  ctmfined  to  the  foliage  leaves  alone  for  under  certain  con- 
ditions the  s|)orophylls  may  assume  the  character  of  floral  leaves. 

It  is  true  that  in  the  case  of  some  ferns,  the  sporophylls  bear 
a  strong  resemblance  to  foliage  leaves,  as  in  Asf^idium  FcUx  itias 
(Fig.  277).  but  this  does  not  nece.viarily  prove  that  the  si>oro- 
phylls  of  .Angiosperms  are  transformed  leaves,  but  only  that  the 
further  back  we  gn.  the  less  the  <legree  of  differentiation  of  parts 
until  we  reach  the  unicellular  algie. 

The  several  parts  of  the  flower  are  arranged  more  or  less 
compactly  at  the  temnnus  of  an  axis  known  as  the  flower  branch, 
the  special  portion  bearing  these  parts  being  known  as  the  torus 
(sometimes  spoken  of  as  the  receptacle),  and  that  portion  below 
the  flower  proper  as  tlie  flower  stalk  f  Fig.  83.  PE).    The  carpel 
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or  carpels  occupy  the  terminal  portion  of  tJic  branch  while  the 
stainetts  and  flora!  leaves  occur  in  circles  or  whorls  below. 

Pistil. — There  may  be  only  one  carpel  present  in  a  (lower 
or  there  may  be  more.  In  the  latter  case  tlie  carpels  may  remain 
disthict  or  they  may  be  united,  but  whatever  the  number  or  the 
degree  of  union,  it  is  the  carpt^l  or  carpels  which  constitute  the 
closed  structure  known  as  the  pistil.  The  pistil  is  usually  differ- 
entiated into  three  quite  distinct  regions:  (O  A  lower  bulbous 
portion  which  contains  the  ovules,  known  as  the  ovary;  (2)  a 
neck-like  portion  known  as  tlie  style;  and  (3)  at  the  top  of 
the  style  a  specialized  portion  which  receives  the  pollen,  known 
as  the  STIGMA  (Figs,  83  and  85).  When  the  pistil  is  made  up 
of  a  single  carpel  it  is  said  to  be  simple,  and  when  composed 
of  more  than  one  carpel  it  is  called  compound. 

The  cari>els  in  the  compound  pistil  appear  to  be  united  in 
different  ways.  Sometimes  diey  appear  to  have  coalesced  or 
grown  together  at  the  margins,  dins  forming  an  ovary  with  but 
one  chamlKT  or  compartment  (Fig.  84.  B).  In  other  cases  the 
caqH-ls  appear  as  thtmgh  they  were  incurved  or  folded  together  at 
the  margins  along  the  line  of  union,  thus  forming  septa  or  walls 
which  divide  the  inner  cavit>'  into  several  compartments  or 
locuUs  (I*ig.  84.  A.  C). 

When  the  carpels  are  not  imited  but  remain  separate,  there 
are  as  many  pistils  as  carpels,  as  in  the  flowers  of  buttercup  (Fig. 
84,  D).  Thus  a  unilocular  ovary  may  belong  to  a  simple  or  com- 
pound pistil. 

GvN.triUM.— The  aggregate  of  pistils  in  a  flower  constitutes 
the  gN-n^cium.  If  the  gi,  n.'ccium  is  made  up  of  a  number  of  simple 
pistils,  as  in  the  flower  of  hnttcrcvip  (Fig.  84,  /?),  it  is  said  to  be 
Ait)CAKPors.  Rut  if  the  carpels  are  united  into  one  structure,  then 
the  gynffciimi  is  said  to  be  svscARrots,  as  in  the  orange  flower, 
which  is  in  reality  equivalent  to  a  compound  pistil.  Inasmuch  as 
the  styles  and  stigmas  arc  fre(|ueiitly  not  united  the  expression 
compound  ovary  is  usually  employed.  .According  as  the  gyna:- 
cium  consists  of  one.  two.  three  or  many  caryjels,  it  is  said  to  be 
monocarpcllary,  dicarpellary.  tricarpellary  or  polycarpcllary. 

The  pistil  of  tlie  flower  of  tlie  pea  is  simple  and  has  an  elongated 
ovary,  and  upon  dissecting  the  ovarj'  and  also  making  a  trans- 
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verse  section  of  it»  it  is  observed  that  the  ovules  are  borne  uptm 
tlu"  i^art  which  projects  from  the  concresccnt  margins  into  the 
cavity.*  this  part  being  known  as  the  placenta,  and  the  united 
margins  of  the  carpel  forming  the  "  inner  '*  or  ventral  sitture. 
In  the  sNTicarpous  gynajciimi  the  ventral  suture  of  the  carpels  is 
directed  toward  the  axis  of  tht*  flower ;  in  some  cases  that  portion 


^- 
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Flo.  T{^  Pistils  and  diflervnt  kinds  of  ittLffniu.  A.  dmple  (monocarpelUr)-)  tnttfl 
of  willovr  with  lobcd  ttiBina;  B,  compound  pHtil  of  F(futcK*y'Mi  with  hcdd-likc  Htigma:  C, 
longitudiruil  secUon  throuah  flower  ol  UponiiNU  with  fiv«  separate  «tyl«K  and  stlsmiu, 
only  three  ol  (fhich  arc  ahown.  D.  (lower  of /'cprfinMW  sIiow\iik  t'ristij'stiaiiui;  E.  recurved, 
thnad-like  Ktiirmut  uf  thr  UtKU-iirr  tAnluirut.  F.  Iluwer  oi  u  Cuiuiy  Ktium  shovrinit  the 
lwr>  limple  plumose  sttsinas:  G.  \>i«tiUiitc  flower  of  cuuch  unf*  sliowtnR  the  two  compound 
phuiOM  atigmAs.  il.  thread-like  stiKniaa  of  piitillali:  Lnflorexcciice  uf  EttelU^ma  one  of 
tbe  Krancs:  J.  m-pancil  uiKmnii  nf  the  piatUliite  flower  of  the  coaior-oil  plant;  K.  L. 
two  fonns  of  ciittmu  of  Besenia. — After  Ender.  . 

of  the  carpel  corresponding  to  the  midrib  is  very  prominent,  as 
in  the  Papilionatie,  and  has  received  the  name  of  "  outer  **  or 

DORSAL  SUTCRE. 

There  are  as  many  loculcs  in  the  ovary  as  there  are  carpels, 
and  the  walls  or  partitions  between  the  locules  of  a  syncarpous 
gvnaecium  are  known  as  dissepiments;  when   three  or  more 
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carpets  are  united  the  number  of  dissepiments  corresponds  to  the 
number  of  carpets.  It  sometimes  happens  tliat  a  partition  or  wall 
is  intruded  from  the  mid-vein  of  the  caqjel.  dividing:  a  unilocular 
ovary  into  one  that  is  bi-locular,  as  in  species  of  Aslra^alus.  and 
such  a  partition  is  termed  a  false  dissepiment. 

When  no  oUier  than  the  true  dissei)iincnts  exist  in  tlie  syn- 
carpous  g^ynasciuni  the  placentas  are  borne  along  the  axis  of  tlie 
rtowcr  and  are  tenned  axial  placentas.  In  tlie  Caryophyllaceae 
the  ovules  are  borne  upon  a  central  axis,  and  llie  dissepinitrnls 
having  Ijccn  absorbed  the  gynaeciuin  is  said  to  possess  a  free 
central  placenta.  In  other  cases  the  placentas  grow  backward 
from  the  central  axis  toward  the  mid-vein  of  llie  carpel,  carrying 
the  o\'tiles  with  them,  when  tliey  arc  spoken  of  as  parietal  pla- 
centas, as  in  colocynth  fruit  (Fig.  254). 

The  Stvi-e  not  only  varies  in  shape  and  size  but  in  the  manner 
of  attachment  to  tlic  nvary  [  I-'ig.  79)  ;  it  may  be  very  short,  as  in 
the  clove;  long  and  filiform,  as  in  (Eiiothera;  club-sliaped  (clav- 
ate)  as  in  the  orange ;  or  broad  and  peialloid,  as  in  Iris.  It  is  usu- 
ally situated  at  the  summit  of  the  ovary  when  it  is  said  to  be  apical 
or  terminal ;  it  may,  however,  be  laterally  attached,  as  in  the  straw- 
berry,or. as  in  a  few  instances,  attached  to  llie  base  of  the  ovary,  It 
isustially  sinootl^,  but  may  be  hairy,  as  in  the  Conipositar.  The  styles 
like  tlie  carpels  may  be  separate  or  united,  and  in  the  latter  case 
may  liave  a  central  canal  connecting  tlie  stigma  with  the  ovary,  as 
in  the  violets.  While  usually  deciduous,  the  style  may  be  more  or 
less  persistent — forming  a  part  of  the  fruit — or  even  become  mucli 
elongated,  as  in  the  dandelion. 

The  Stm'.ma  is  an  essential  part  of  the  pistil  in  that  it  is  the 
germinating  ground  of  the  pollen  grain.s,  it  lieing  viscid  and  espe- 
cially a<laptcd  for  this  purpose  {Pig.  79).  The  stigmas  may  be 
separate,  as  in  the  Compositfc,  or  they  mav  be  united  into  a  more 
or  less  club-shaped  or  globular  head,  consisting  of  as  many  lolies 
as  there  are  stigmas,  as  in  the  poppy.  The  stigma,  while  usually 
solid,  may  have  an  opening,  as  in  the  violets,  which  sometimes  has 
a  lid-Iikc  appendage,  as  in  Viola  tricolor. 

The  Ovules  (Fig.  85).  as  we  have  already  seen,  arc  small 
Ix)dies  which  are  borne  on  the  placentas,  and  whicli.  after  fertiliza- 
tion develop  into  seeds.     The  number  of  ovules  varies  considerably 
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— there  inay  1>e  but  one,  as  in  tlic  almond,  or  there  may  be  a  targe 
number,  a»  in  the  waiennclon. 

There  arc  several  principal  foniis  of  ovules  ( Fig.  80)  recog- 
nized, of  which  the  following  may  be  mentioned :  ( I )  atkopous, 
in  which  the  ovule  is  straight  and  erect  on  its  stalk,  as  in  the 
b'nicaccx;  {2)  a.n'atropous,  in  wliich  the  ovule  is  bent  over  on  to 
the  stalk  so  as  to  1>e  in  an  inverted  position,  the  line  of  attachment 
of  the  ovule  and  stalk  being  known  as  the  raphe  ( Fig.  85,  ti )  ;  (3) 
CAMPVi^TKOi'ot's,  in  which  the  ovule  is  bent  upon  itself,  as  in 
Stramonium,  this  form  being  less  frequent  than  the  other  two. 
Mt.>5t  of  the  ovules  of  flowering  plants  arc  anatropoiis. 

Stamen. — As  already  indicated  the  stamen  consists  of  a 
stalk-hke  portion  called  the  kilnment.  and  a  specialized  portion 
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Pio.  Bd.  TTirce  poaitkiiu  ol  ovules.  A.  itmptnu;  B,  Biuiin>pDu>:  C,  campylolropDus. 
(Ofuniculiu  Of  »talk;  (ct  chalu*.  or  pointof  union  of  nuccUus«ndiDtcKviinrata,  (k)  nuccllus 
or  nKtcasDoruninuin :  (em)  cmfaryo-sMC  or  raccupore:  (u)  out«r  intcvuinent .  (ii>  inner 
tniemijneni:  fm)  foramen  or  orifice  for  entnmce  of  poUen  tutie.  known  as  the  oiicropylc 
In  Uk  M>«J:  u)  rapbc. — Afto  PraalL  • 

which  bears  the  sporangia,  called  the  anther  (Fig.  81).  The 
filament  may  be  long  or  short  or  wanting.  It  is  commonly  thread- 
tike,  but  varies  considerably,  and  is  sometimes  leaf-like. 

The  Anthkk  is  the  essential  part  of  ihe  stamen  (Figs.  81.  85) 
and  consists  of  two  lobes,  eacli  of  which  is  c<;imposcd  of  two  divi- 
sifms  or  |K>lIen  sacs  i  Fig.  53).  These  sacs  contain  the  pollen 
which  is  commonly  discharged  either  through  a  longitudinal 
Mittirc  or  line  of  dehiscence,  or  through  an  opening  at  the  tip. 
The  anthers  may  he  variously  attached  to  the  filament  (Fig.  8t). 
When  ihey  face  the  axis  of  the  flower  ihey  are  said  to  be  introrse. 
as  in  the  \'iolacex.  and  when  they  face  the  perianth  they  are  said 
lo  be  KXTHoiisE,  as  in  the  Magnoliaceae;  when  they  lie  horizontally 
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on  the  tip  of  the  fttament,  so  that  they  swing  as  on  a  pivot,  as  in 
the  tiger  lily,  they  are  said  to  be  vehsatile;  when  they  adhere 
longitudinally  to  the  sides  of  the  filament  and  the  dehiscence  is 
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Fto.  St.  DiHvrmt  type*  of  fttainenc.  Afabnvifttions;  flUment  lO.  poUea  sac*  or 
tlifiCft  (spofwiKiA)  <Tb).  conneciivF  <cl.  A,  stamcru  of  a  water  Uy  iSyMpkaa)  showina 
vahationui  Lbe  BtAiociu  (a-d);  B.  theca.  neur  iruddle  q(  thottamea  otfopoa-ia.  C.anthctai 
uttuhcT  Mpcdc*  ol  foptrwia  with  fleshy  t-onncctive  ami  pollen  huui  on  either  udei  O.  ittaincn 
of  TraJ<iaiuii^  with  transverse  connective;  E.  F.  G.  atamens  of  Mveral  Camnuiinatfs 
with  broai]  conneclivex;  II,  slJtmra  ni  Salita  with  peculiar  nttntrirm  connective  anil  an 
aborted  pollen  sac  or  iLaminotiuni  (&l(l>  «l  the  lower  end  and  tbe  fcrttir  [aillrn  sac  above; 
J,  peculiar  eloR|;iitc<J  connective  ot  Vacio;  K,  eWnitated  connective  of  Hutniri;  L.  Andr>iv 
dum  o(  V)oI«t  showing;  two  spurred  ics&ile  siJimenfi:  M.tiamen  of  ('MilutHtlta  wifh  sinuous 
cxMflnenl  anthers,  brutd  con[iL-<:tive  and  ahurt  filiiment:  N.  confluent  Iranavrne  polten 
MCaof  ^nmrMM,-  O,  anited  po'Irn  sacaof  Cotumbtne  showing  snuill  connective;  P.  sphericml 
pollen  aacs  iif  ( "o/Iji,  with  «UKhIly  develofwd  conneirtivc;  y.  venutilo  anther  and  long,  sicn- 
dn- filament  of  dead  nettle  iLamtHm  aHmm"^:  H.  dehiscence  of  anther  uf  ^njDiiKtn  t>y  means 
of  tennmal  pores;  S.  iintrred  anlher  of  ArhHlMs  with  Icrminal  porea;  various  kinds  of  v«I. 
vaW  deb)K«nce.  as  in  Bethrrit  i1).AlkeTosprrma  <U)  and  Ptrsea  (V). — A.afterCaapary; 
B.  H-R,  U.  V.  after  Baillon;  S.  T,  after  Sachs;  D-G.  after  SchOaland. 
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marginal,  they  are  said  to  be  ivnate:  when  they  adhere  longi- 
tudinally to  the  filament  and  (he  latter  extends  slightly  beyond 
them,  they  are  said  to  be  apnate.  in  which  case  they  may  be 
cxirorsc  or  introrse.  In  some  of  the  Labtatx  tlie  lobes  of  the 
anther  are  united  at  the  apex  of  (he  filament,  but  diverge  from  the 
point   of  attachment  and   are  said   to  be  connate,  coherent  or 

CONFLLTENT. 

The  C'iN.vKiTivK  is  that  p<^»rtion  of  the  filament  to*\vhich  the 
lobes  of  the  anther  are  attached  or  which  connects  them  (Fig.  81 )  ; 
usually,  it  is  not  very  prominent;  but  in  some  of  the  Labiatie,  as 
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%t.  Union  o(  «t«mena  A,  united  Aolh«n  of  flower  of  Coniposiu-;  B.  diadclpbota 
of  I*i$nm  witb  i  fiw  ■t«m«ii  ami  ^  united;  aevrnl  tyi^cs  o[  inunadd^ihous 
M  in  Erytknvybm  (C),  Matia  Atdaratk  (U),  and  oommoa  tn«llow  <E). — After 


in  Salfiu,  it  is  rather  broad;  in  some  of  the  Malvaceae  it  is  entirely 
wanting,  the  two  loties  Iwing  confluent ;  in  other  cases  it  may  be 
cxtcndc<l  beyond  the  lobes  of  the  anther,  as  in  s])ecies  of  /isarum. 
Ari'KxitAiiRS  OF  Anthkk. —  In  ciTtain  instances  the  anthers 
are  appendage<l  (Fig.  81):  In  the  violets  there  is  a  triangular 
growth  at  the  apex:  in  the  oleander  the  apex  is  plumose:  in  deer 
berry  iPnlycmiinm  staminritm)  lliere  are  two  awn-like  append- 
ages upon  the  liack  of  the  anther;  in  the  violets  the  two  stamens 
that  project  Into  the  spurred  petal  are  also  spurred  and  secrete  a 
nectar:  in  the  Asclcpiadacea'  the  anthers  possess  wing-like  ap- 
pendages, each  sack  or  division  of  which  contains  a  pear-shaped 
coherent  mass  of  pollen  grains  (pollinium). 
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When  a  flower  has  but  one  stamen  it  is  termed  monandrols; 
and  when  there  are  two.  three  or  many  stamens,  it  is  said  to  be 
diandroiis,  triandrous  or  polyandroiis  (Pig.  84 1.  The  aggregate 
of  stamens  in  the  flower  is  called  the  ANURtEcitxi.  In  the  Labi- 
at4e  there  are  four  stamens  arranged  in  a  longer  and  shorter  pair 
and  thf  stamens  are  said  to  be  uiuvnamous;  in  the  Crucifera; 
the  flowers  possess  six  stamens,  four  of  which  are  longer  than  the 

l^other  two,  and  the  stamens  are  described  as  tktraoynamoits: 
in  some  plants,  as  in  the  I.obehace^.  Papilionatse.  etc..  the  fila- 
ments cohere,  forming  groups  ( Fig.  82)  which  are  termed  niona- 
delphoHs.  diadelphous.  etc. ;  in  the  flowers  of  the  potato  the 
anthers  lie  close  together  but  are  not  united,  funning  apparently 
a  continuous  ring  or  baud  around  the  pistil,  when  they  are  said 
to  be  connivent ;  in  the  tubular  flowers  of  the  Composite  the 
anthers  are  united,  forming  a  closed  ring,  and  tlie  stamens  are 
spoken  of  as  svngenesious  (Fig.  S2,  A)  ;  in  many  of  the  Cucur- 
hitaceo"  the  filaments  and  anthers  both  arc  confluent :  in  the  flowers 

Lof  the  Orchidaceae  the  stamens  arc  borne  upon  tlic  pistil  and  are 

Ffiaid  to  be  GWAxriRuus  (Fig.  133). 

Floral  Envelopes. — As  their  name  indicates  the  floral 
envelopes  occupy  the  outermost  or  lowest  position  in  the  arrange- 
ment of  the  parts  of  the  flower.  In  tlie  bud  condition  they  protect 
the  essential  elements,  and  in  tlie  expanded  flower  are  considered 
to  play  an  imjKjrtanl  role  in  securing  pollination  through  the 
visitation  of  insects.  The  floral  envelopes  arc  made  up  generally 
of  two  kinds  of  leaves.  f>ctals  and  scf'als  (Fig.  83). 

The  PETALS  form  a  circle  which  surrounds  the  andrrecium. 
The}'  are  as  a  rule  ([uite  bright  and  attractive,  being  frequently 
highly  colored,  as  in  the  rose.  Fuchsia,  violet,  etc.,  and  are  known 
collectively  as  the  coroi-la. 

Tlic  sEPAi^  form  the  next  and  lowermost  circle.  They  are 
usually  green  and  leaf-tike,  as  in  the  rose  and  carnation,  and 
together  constitute  the  cat.yx.  Sometimes  the  corolla  and  cal>*x 
arc  spoken  of  togetlier  as  the  perianth,  although  strictly  speak- 
ing the  term  has  a  more  special  application,  and  is  used  mostly  in 
speaking  of  the  sepals  and  petals  of  monocotyledonous  flowers, 
these  parts  being  much  alike  and  not  distinguishable,  save  in  posi- 
tion, as  in  certain  lilies  (Fig.  123). 
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When  the  divisions  of  the  calyx  and  corolla  remain  separate 
and  distinct  the  latter  are  spoken  of  as  cucMtiSEi'ALOUS  and  CHoki- 
I'ETAr^rs,  respectively ;  but  when  the  divisions  are  united  or 
coalesced  the  calyx  and  corolla  are  called  (Iamosepalous  (syn- 
sepalous)  and  uamopetaijOUS  (sympetalous),  respectively. 

When  the  divisions  of  the  calyx  or  corolla  are  entirely  united 
these  elements  are  said  to  be  entike.  and  when  the  divisions  are 
partly  united  they  arc  spoken  of  as  "  toothed,"  '*  lobeti "  or 
"  parted,"  according  to  the  degree  of  union. 

In  the  flowers  of  the  Crucifene  and  Carjophyllaceae  there  is  a 
conspicuous  stalk  to  each  of  the  separate  petals,  which  is  known 
as  the  UNGUIS  or  claw;  while  the  upper  outspreading  portion  is 


:i 


Qt4-  -o 


Pig.  »j.  a.  lonffitudtiul  Rccuon  tbrotigh  onagt  tlowcr  (C'llnu  Autamu-tm)  showinir 
•talk  (PE);  wpAlt  IS):  (wtals  (p);  tUimcn  with  fil&menl  (C)  and  anther  (A):  compound 
piati)  (comtxwed  of  uoitcat  carpels)  witb  HtiKfnB(T),  style  (Y)  and  superior  ovary  (O) 
with  ovuka.  disk  or  nectary  <D).  B,  tonsitudtnal  section  of  a  bud  of  clov«  (Caryotrfiyllui) 
■bowiru  Mchot  ovary  (O),  style  {Y>.  ktamens  IF),   petals  (P).  sepaU  (S),  oectsry  ID), 

known  as  the  I-amina  or  blade.  In  the  gamosepalous  calyx  and 
the  ganiopetalous  corolla  the  lower  united  portion  is  known  as  the 
TiTBE,  and  llie  uiJpcr  mitsprcailing  portion  as  the  lisiu  or 
"  border." 

The  form  of  the  calyx  and  corolla  is  quite  characteristic  for  a 
number  of  important  families.  In  the  Composite  there  are  two 
characteristic  forms  of  cnrolla,  namely,  the  tubular  in  the  disk 
flowers  and  the  ligulate  in  the  ray  flowers;  in  the  Papilionata 
the  corolla,  from  its  fancied  resemblance  to  a  butterfly,  is  de- 
scribed as  rAPii-ioxArEOus  fl'igs,  88;  (34,  L) :  in  the  Labiats  the 
petals  arc  united  into  two  lip-like  divisions,  and  the  corolla  is  said 
to  be  nri^BiATE  (Fig,  84,  F),    There  arc  two  kinds  of  bilabiate 
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corollas — one,  as  in  lavcndcrr.  where  the  month  of  tlic  lube  is  open, 
known  as  kingent;  and  another,  where  the  nwuth  is  closed,  as  in 
Linaria,  callccl  i'krsonati:. 

There  are  a  number  of  other  special  fonns  of  calyx  and  corolla, 
particularly  the  latter,  and  of  these  may  be  mentioned  the  follow- 
ing ;  A  corolla,  like  that  of  the  harebell,  which  is  more  or  less  bcU- 
shaped.  is  termed  campanclate;  a  more  or  less  campanulate 
corolla  contracted  near  the  opening,  as  in  GauUheria,  is  sfjoken 
of  as  urceoLj\te  or  um-sliaped ;  in  the  morning  glory  and  otlier 
Convolvulaceie  the  corolla  is  said  to  be  infundiuulii-xjhm  or 
funnel-shaped  (Fig.  174);  a  corolla,  in  which  the  limb  spreads 
abruptly  from  the  tube,  as  in  Phlox,  is  termed  HYi-ocKATiiKU'ORAi 
or  salver-shaped ;  a  ci>rolla  with  a  short  tul>e  and  outspreading 
limb,  as  in  potato,  is  said  to  be  rotate  or  wheel-shaped;  a  rotate 
corolla  with  the  margin  more  or  less  upturned  is  called  cratkhi- 
FOHW  or  saucer-shaped ;  in  aconite  the  upper  petal  is  hood-  or  hel- 
met-shaped, the  corolla  is  spoken  of  as  galeate;  in  the  violets  one 
of  the  petals  has  a  spurred  appendage  and  the  corolla  is  described 
as  SACCATE  or  calcaratc.  while  the  modified  petal  in  the  orchids  is 
known  as  the  labellum. 

Duration  of  Calyx  and  Corolla. — Tliere  is  considerable 
difference  in  the  length  of  time  that  the  calyx  and  corolla  persist, 
not  only  with  reference  to  each  other  but  in  different  plants.  The 
parts  are  said  to  be  caoijcous  when  they  drop  from  the  flower  as 
soon  as  it  oj^ens,  as  the  calyx  of  the  i>oppy ;  when  they  remain  for 
a  day  or  so,  they  are  said  to  be  ephemeral  or  fugacious,  as  in 
the  petals  of  the  poppy ;  in  the  rose  and  apple  the  ]>etals  fall  away 
soon  after  the  pollen  reaches  the  stigma  and  they  arc  said  to  be 
DECint'OUs;  in  some  flowers  the  petals  wither  but  i>ersist  until  the 
maturing  of  the  fruit,  as  in  the  Droscraceac.  and  arc  known  as 
mahcescent;  the  calyx  may  remain  unaffected  until  the  maturing 
of  the  fruit,  as  in  the  Labiata;  when  it  is  said  to  be  persistent. 

Bracts.^In  addition  to  the  floral  envelopes  other  more 
or  less  modified  leaves  arc  borne  on  the  flower  branch  below  the 
flower,  frequently  at  the  base  of  the  flower  stalk,  and  these  have 
received  the  name  bracts.  The  bracts  closely  resemble  the  foli- 
age leaves  but  usually  arc  smaller  and  frequently  are  mere  scales, 
without  chlorophyll.    In  some  cases,  however,  they  are  large  and 
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showy,  tookiug  like  petals  (petaloid),  as  in  the  water  arum 
(Fig.  128)^  the  comiTton  dog^wood ;  Uotigainvillea  and  I'oinsettia 
seen  in  greenhouses. 

The  Torus  constitutes  the  terminal  portion  of  the  flower 
axis  or  stalk,  and  is  usually  more  or  less  conical  and  somewhat 
enlarged.  WTifii  tlie  torus  is  of  this  shape  the  parts  of  the  flower 
are  insertefl  upon  it  in  serial  succession,  alt  of  the  otiicr  parts 
arising  below  the  pistil.  It  inay,  however,  be  modified  into  a  hollow 
or  cup-like  structure  which  grows  up  arouiul  tlit  ovarv  carrying 
the  other  parts  of  the  flower  (sepals,  petals  and  stamens)  with  it, 
thus  changing  the  relative  position  of  the  pans,  although  it  should 
be  umlerstood  that  the  ovary  occupies  practically  the  same  posi- 
tion in  llic  two  cases. 

When  the  torus  is  of  the  first  tv*pc  anti  the  other  parts  of  the 
flower  are  inserted  below  the  ovarv.  the  flower  is  said  to  be  HYi-o- 
tiVNOfS,  as  in  tlic  orange  tlower  (Fig.  8j,  .-/ )  and  the  ovary  su[)e- 
rior;  but  when  the  torus  forms  a  cup-sha[)cd  receptacle  and  the 
other  ]>arts  of  the  flower  arise  on  its  tnarj;in  alK>vc  the  ovary,  the 
flower  is  called  HiMavNOUS.  as  in  the  clove  ( Kig.  S3,  B;  84,  O 
and  the  ovary  inferior.  In  other  cases  a  ring  of  leaf-like  tissue 
arises  from  the  tonis.  forming  a  cup-like  receptacle  or  tube  which 
is  known  as  the  perianth  tube,  the  sepals,  |>etals  and  stamens  beinjf 
inserted  on  Its  margin.  The  perianth  tube  may  be  free  from  the 
ovary,  when  the  flower  is  said  to  be  pehh'.v.nols  and  the  ovai  y  half 
inferior  or  half  su|)crior,  as  in  cherry  (Fig.  84,  B)  :  or  in  the 
case  of  an  epigynous  flower  it  may  form  a  prolongation  of  the 
cnp-shapcd  torus. 

Prefloration  or  estivation  is  the  arrangement  of  the  parts 
of  the  flower — more  especially  the  calyx  and  corolla — in  the  bud. 
Some  of  the  terms  used  in  this  connection  are  also  employed  in  the 
study  of  vernation.  The  following  are  some  of  the  terms  which 
are  employed:  Valvate,  when  the  sepals  or  petals  meet  each 
other  at  the  edges,  as  in  Malvace* ;  tmbricated.  when  the  sepals 
or  petals  overlap  each  other,  as  in  the  Magnoliaceae :  plicate  or 
pi.AiTEu,  when  the  divisions  are  united  and  folded  together,  as  in 
the  petals  of  Convolvulus  and  Datura. 

The  sepals  and  petals  do  not  necessarily  possess  the  same 
arrangement,  as  in  the  Onagraceje,  where  the  sepals  arc  valvate 
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Coalescence  and  Adhesion. — 'Not  only  may  the  divisions 
of  liic  same  circle  or  whorl  of  the  flower  Ixf  united  but  even  those 
of  different  circles,  and  a  number  of  tenns  are  used  to  describe 
these  modifications. 

When  the  divisions  of  the  same  circle  are  united  there  is  said 
to  be  a  COHESION  or  coalescence  of  the  parts.  Wlien  the  divi- 
sions of  different  circles  are  united,  as  of  stamens  witli  corolla. 
the  union  is  sptiken  of  as  adhesion  or  adnation,  as  in  Convolvulus. 

Chorisis  and  Multiplication  of  Parts. — In  contrast  with  the 
reduction  in  number  of  patts  of  the  llowcr  due  to  union,  there  may 
be  an  increase  in  the  number  of  parts  due  to  simple  division  or 
splitting  of  the  parts,  and  this  is  ktiovvn  as  chorisis  or  deduplica- 
tion.  An  illustration  of  this  is  fumished  by  the  stamens  of  the 
orange  fltjwer,  where  from  a  single  initial  stamen  or  primordium 
a  group  of  from  3  to  u  stamens  may  be  produced.  In  other  cases 
there  may  be  a  muItipHcation  in  the  number  of  parts  from  the 
beginning,  each  part  arising  independently  on  the  torus,  as  in  the 
stamens  of  ro.se.  This  of  course  would  not  be  termed  chorisis.  as 
no  s]))itling  or  branching  takes  place. 

Double  Flowers. — In  double  flowers  there  is  an  increase 
in  the  number  of  petals,  which  is  considered  to  be  due  to  the 
methods  of  cuhivalion  and  the  stimulus  of  an  increased  food- 
supply.  This  results  in  several  ways;  (l)  By  transformation  of 
the  sporophylls,  more  particularly  the  stamens,  into  petals;  (2) 
by  division  or  chorisis  of  the  stamens  or  carpels  with  subsequent 
transformation  into  petals;  (3)  by  division  or  branching  nf  the 
petals;  and  (4)  by  the  production  of  new  series  of  petals.  The 
extra  petals  in  double  carnations  and  double  roses  trace  their  ori- 
gin to  the  ?;tamens.  while  in  Fuchsia  they  are  the  result  of  chorisis 
of  the  ix'tals. 

In  the  snow-ball  (  yiburuum  of>nhts)  and  hydrangea  the  essen- 
tial elements  have  undergone  a  complete  transformation,  and  the 
rtowers,  while  large  and  showy,  arc  sterile.  In  the  white  water  lily 
(Nymphaa)  there  is  a  series  of  parts  ranging  from  stamens  with 
narrow  filaments  and  stamens  with  broad  petaloid  filaments  to 
petals  tipped  with  a  small  anther  and  regular  petals  {Fig.  81,  A). 
In  this  case  the  stamens  are  considere<l  to  result  from  the  trans- 
formation of  the  petals.     In  the  case  of  green  roses  and  green 
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strawberry  flowers  tlic  petals  become  green  and  leaf-like,  and  the 
ciiange  is  spoken  of  as  chlorosis  or  chlokanthy.  In  some 
flowers  even  tlie  ovules  are  replaced  by  leaf-like  processes  or 
appendages,  as  in  Droscra  and  clover. 

Arrested  Development. — The  arrest  or  suppression  of 
parts  of  the  plant,  particularly  of  the  flower,  is  of  very  common 
occurrence.  Just  as  there  are  millions  of  seeds  that  never  find 
suitable  conditions  for  germination,  so  in  the  flowers  of  a  large 
number  of  plants  a  very  large  proportion  of  the  ovules  never 
develop  into  seeds,  the  plants  in  many  instances  not  furnishing 
suflicient  nutriment  for  all  of  the  ovules  to  mature.  Under  leaves 
it  was  stated  that  in  the  axil  of  each  leaf  there  is  a  bud.  This  is 
nut  always  apparent,  but  if  the  plant  be  subjected  to  some  special 
stimulus,  some  of  the  latent  buds  will  become  evident.  For 
example,  the  rubber  plant  (Ficus),  so  conmionly  cultivated  as  an 
ornamental  plant,  shows  a  tendency  to  develop  a  straight,  un- 
branched  shoot,  but  if  the  tip  of  the  shoot  be  cut  off,  the  buds  in 
the  axils  of  the  upper  leaves  will  develop  into  branches,  while 
some  of  those  lower  down  will  form  small  protuberances,  but 
develop  no  further.  In  other  cases  there  is  a  loss  of  parts  which 
seems  to  be  due  to  loss  of  function.  When  there  is  a  partial  loss 
of  the  element,  as  of  the  anthers  in  the  flower  of  cataliw.  it  is 
said  to  be  imperfectly  develojwd  or  .abortive.  When  the  entire  ele- 
ment remains  un<levelo|)ed  as  in  some  of  the  slaincns  of  the  Laln- 
at.'e.  it  is  said  to  Ix-  swppkk&skd  (Fig.  84.  F).  In  flax  the  stamens  of 
the  outer  whorl  are  reduced  to  thread-like  processes.  Such  sterile 
or  aborted  stamens  are  called  sT.\MiNf)i>E.s  (staminodia).  In  other 
plants  the  parts  are  not  apparently  arrested.  Init  have  not  yet  been 
differentiated,  as  is  the  case  in  the  Lily  family  where  the  perianth 
is  compo.scd  of  segments  which  are  more  or  less  alike  (  Fig.  123). 
In  other  cases,  however,  there  seems  to  l>e  a  suppression  or  arrest 
of  the  floral  envelopes. 

Cleistogamous  Flowers. — In  addition  to  the  regtjiar 
flowers  i^me  plants  produce  ckistugamoiis  or  closed  flowers.  In 
these  flowers  the  corolla  is  usually  suppresse<l.  The  flowers 
develop  stamens  and  pistils  but  remain  closed,  and  thus  there  is 
no  chance  for  cross-pollination.  The  cleistogamous  flowers  appear 
later  tlian  the  regular  flowers  and  are  more  or  less  inconspicuous. 
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MORPRic  or  R.\DIAL.  and  irrcguJar  flowers  as  zvckjmorphic.  Tlie 
latter  are  also  spoken  of  as  oohsi\  e.vTkAi.  and  usually  occur  as 
lateral  flowers  in  an  inHorescence,  as  in  Vanilla  (Fig.  133).  Aco- 
iiitmu  (.Fig,  84,  /i)  and  Lobelia  (Fig.  272);  whereas  radial 
flowers  are  solitary,  as  in  San^inaria  (I'ig.  148).  or  tcmitnal 
as  in  Geranium  (Fig.  155).  or  lliey  may  also  be  lateral  as  in 
Phytolacca  (Fig.  139).  Dorsiventral  Howers  eitlier  arise  as  such. 
as  in  some  of  the  Leguminosse  (Fig.  88).  or  they  may  arise  as 
radial  flowers  and  lieconie  dorsiventral  during  the  course  of  devel- 
opment, as  in  willow  herb  (Epilobium). 

In  some  flowers  the  floral  envelopes  are  wanting,  and  the 
flowers  are  said  to  be  .nake»,  as  in  the  willows  and  grasses. 

Anthotaxy. — Just  as  a  flower  may  consist  of  one  or  more 
parts,  so  a  flowcr-hranoh  may  bear  more  than  one  flower.  The 
stalk  of  the  individual  flowers  is  called  a  peoiikl.  while  the  main 
axis,  or  branch  bearing  the  collection  of  flowirrs,  is  called  a 
PKDUNCLE,  The  study  of  the  arrangement  of  flowers  on  the  stem 
is  known  as  anthotaxy. 

If  we  compare  the  flower  clusters  of  moniing  glory  and  bind 
weed  (Fig.  174)  with  those  of  the  poke  weed  (Fig.  139)  wc  will 
find  tliat  in  the  former  the  number  of  flowers  that  may  be  pro- 
duced is  limited  because  t!ie  middle  flowers  of  the  group,  or  those 
at  the  apex  of  the  branch,  mature  first:  while  in  the  poke  wecil, 
on  tlie  other  hand,  llie  end  of  the  branch  has  a  large  nunil>er  of 
flower  buds,  and  as  these  develop  others  continue  to  be  formed. 
It  is  obvious  that  in  the  latter  case  the  number  of  flowers  that 
may  be  produced  is  more  or  less  indefinite,  atul  this  kind  of  antho- 
taxy, or  inflorescence,  is  known  as  indeterminate  or  indefinite 
inflorescence,  while  in  the  case  of  the  morning  glory,  the  inflor- 
escence is  said  to  be  determinate  or  definite. 

The     JNDETKKMINATF.    or     INDKl'INITE     INFI.OKUSCENCE    IS     the 

most  general  and  includes  the  following  kinds:  In  poke  weed  the 
individual  flowers  are  of  about  the  same  size,  and  these  are  ar- 
rangetl  along  a  central  axis,  or  rachis.  the  inflorescence  being 
known  as  a  raceme  (Fig.  139) ;  in  oat,  Vucca  and  Brayera  the 
individual  flowers  arc  replaced  by  a  cluster  of  flowers,  constitut- 
ing a  compotmd  raceme  or  pasici,e  (Fig.  150)  ;  in  the  ailtivated 
cherrv  the  rachis  is  somewhat  shorter  than  that  in  a  raceme,  and 
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the  pedicels  of  the  flowers  are  so  elongated  that  all  of  the  flowers 
attain  nearly  the  same  height  or  level,  tliis  fonn  ul  inflorescence 
being  known  as  a  corymb;  in  the  milk  weed  the  rachis  is  entirely 
suppressed  and  the  flowers,  which  liave  pedicels  of  the  same 
length,  arise  from  the  apex  of  the  peUimcle,  this  fonn  of  inflor- 
escence being  known  as  an  umbel,  while  in  the  L'mbellifer;e 
a  flower  cluster  takes  tlie  place  of  the  individual  flowers  of  the 
xmibcl,  and  this  is  known  as  a  comi-ound  umbel  (Kigs.  i6<jf,  170) ; 
in  the  plantain  the  flowers  are  arranged  along  a  central  axis,  but 
the  pedicels  are  wanting,  and  the  inflorescence  is  known  as  a 
SfrKE  (Fig.  87.  illus.  3)  ;  in  clover.  Cephalcmthus  and  the  Com- 
ptraitae.  the  racliis  and  pedicels  are  both  n»ore  or  tfss  reduced, 
or  wanting,  and  this  form  of  inflorescence  is  known  as  a  uvlah 
(Figs.  181,  182). 

The  UKTEKMINATE  or  OEMXITE  iNFLOKF.st'ENCH  includcs  Sev- 
eral types,  the  principal  of  which  may  be  mentioned:  when  a  stem 
or  branch  is  terminated  by  a  flower,  or  a  cluster  of  flowers 
of  the  determinate  type,  it  is  known  as  a  cvMi:,  and  an  inHor- 
escencc  of  this  character  is  described  as  cymose :  when  the  pedun- 
cle bears  a  nimil>er  of  cymes,  it  is  known  as  a  comimund 
CYME,  as  in  elder,  hydrangea  and  viburnum;  and  a  c>-mosc  head 
is  known  as  a  iilomkhl'LE,  as  in  the  dogwood.  When  the  cymes 
are  opjxisite  and  sessile,  or  nearly  so,  the  inflorescence  is  termed  a 
VEKTiciLLASTEK,  as  in  the  Labiatae. 

The  flowers  of  the  Composita-  are  borne  on  a  common  torus 
known  as  the  disk,  which  is  subtended  by  one  or  more  circles  of 
bracts,  these  constituting  an  involucre.  The  flowers  are  of  two 
kinds,  and  they  receive  different  names  because  of  their  fomi  and 
position.  Those  situated  near  the  margin  of  the  disk  are  known 
as  RAY-FLOWERS,  and  because  they  possess  more  or  less  strap- 
shaped  corollas  are  also  known  as  ligulate  flowers.  Those 
occupying  the  central  portion  of  the  disk  arc  known  as  niSK- 
FLowERS,  or  as  TiMiULAR  FLOWERS  because  of  the  tubular  shape  of 
tlie  corolla.  Most  of  the  Compositie  possess  both  figulate  and 
tubular  flowers,  as  Arnica  (Fig.  241),  matricaria.  the  common 
daisy,  etc.  But  some  of  the  members  of  the  family  have  only 
tigulate  flowers,  as  chicory  and  dandelion;  antl  a  relatively  few 
have  only  tubular  flowers. 
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Pollination  and  Fertilization. — Fertilization  represents  the 
Hnal  stage  in  the  work  of  the  flower  as  a  whole,  and  has  already 
been  defined  as  the  union  of  the  egg-cell  and  a  male  nucleus. 
Pollination  may  be  consideretl  to  include  tlic  transfcrral  of  the 
pollen  grains  from  the  anther  to  the  stigma  and  their  subsecjucnt 
germination  thereon,  this  latter  process  resulting  in  the  produc- 
tion of  the  male  nuclei.  Pollination  thus  represents  but  one  series 
of  changes  or  processes  which  precede  fertilization,  for.  while  the 
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Pio.  8s.  DUirmnimAtlc  npmvntation  of  fntilitatlon  in  an  Angiospenn.  d.  flom 
l«tvo«:  $tanuM  coniisting  tii  tiUnient  (c)  and  anthers  (u,  b),  one  0I  which  (b)  has  Hehttced 
fixhilntina  niimcroiu  pollco  ktuiu:  e,  occtor^Kcrcting  bodies;  pitiil  consislinic  of  ovary^ 
(f),  nyle  (r)  uiii  iticmA  <h).  Oa  tbe  l&tt«r  pollen  itmu  (i)  an  B«munatuu!.  the  tube  (I) 
of  one  having  penetrated  thnnigh  the  tiMue«  of  the  etigma  and  ttyle,  entered  the  ovary, 
pnascd  along  the  watl.  and  entered  the  funimcn  (m).  ur  opening  of  the  o%Mle.  The 
ovule  consiits  of  that  pottioa  of  tbe  stalk  which  it  united  with  the  intcgumcnii  anJ  called 
the  raphe  in),  outer  intesuimnt  (p).  iniMr  integument  (q).  cbalua  (o>,  nucellus  (s.  •), 
«nbrv<»-*ac  or  incgasi'ore  (t)  witb  egg-celt  (k).  synergids  (v>,  antipodal  cells  (u).  and  the 
nucleus  In  the  canter  which  gives  rise  to  the  nuUwpemi. — ^After  Sachs. 

pollen  grain  is  going  through  the  various  stages  in  development 
which  lead  to  the  formation  of  the  male  nuclei,  a  series  of  com- 
plex changes  are  going  on  in  the  embryo-sac  leading  to  the  devel- 
opment of  the  egg-cell  (Fig.  85). 
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Oiir  special  interest  in  pollination  arises  from  the  fact  that  the 
pollen  grains  arc  not  retained  in  iho  pollen-sacs  and  are  <lependent 
upon  various  agencies  for  transferral  to  the  stigma.  This  is  a 
matter  of  great  biological  significance,  for  it  is  claimed  that  many 
of  the  special  characters  of  flowers  have  a  direct  relation  to 
pollination. 

The  various  ways  in  which  the  anthers  open  for  the  dis- 
charge of  the  pollen  when  it  is  ripe  have  already  been  considered 
(Fig.  di^.  but  it  may  be  added  that  the  manner  in  which  this  is 
done  usually  appears  to  have  a  relation  to  the  manner  in  which 
the  pollen  is  to  be  carried  to  the  stigma.  In  order  that  pollination 
may  be  ciTected,  tlie  stigma  nmst  be  ripe  or  mature,  when  it  is 
said  to  be  receptive.  It  then  usually  secretes  a  sticky,  sugary 
liquid  which  causes  the  pollen  grains  to  adhere  to  the  stigmatic 
surface  (Fig.  85),  and  which  at  the  same  time  serves  as  a  nutrient 
to  them.  Usually  the  jxillen  grains  begin  to  germinate  in  a  short 
time  after  reaching  the  .stigma,  which  is  made  evident  by  the  pro- 
trusion of  the  )x>IIcn  tubes.  The  stigma  .seems  al.so  to  have  the 
power  of  selection,  for  in  miny  cases  the  pollen  does  not  germin- 
ate as  readily  on  the  .<itignia  of  the  same  Hower  as  on  that  of 
another  Hower  pruvideil  it  be  of  the  same  or  a  nearly  related 
species. 

When  a  flower  pos.icsses  both  stamens  and  pi.<iti!s.  that  is,  is 
bisexual  or  hermaphrodite,  and  its  pollen  germinates  upon  its 
own  stigma,  the  process  is  known  as  close  or  .shi.c-I'ollin.vtion, 
and  if  fertilization  follows  this  is  known  as  st-:Lr-rERTiLlz.\.TloN. 
While  most  hermaphrodite  flowers  are  self-pollinated  there  are 
some  that  are  not,  and  this  is  brought  about  in  several  wayst 
(  I )  As  already  jminted  out  the  pt>Ilen  may  germinate  Iwtter  on 
the  stigma  of  another  flower  than  on  the  .stigma  of  the  .same 
flower;  (2)  the  anthers  and  pistils  of  the  same  flower  may 
mature  at  different  times,  and  this  is  one  of  the  commonest  ways 
151  preventing  self-ptdlination.  L'sually  in  such  cases  tlu-  stamens 
mature  first.  Tlie  common  plantain  (Phntago)  furnishes  an 
example  of  the  maturing  of  the  stigma  before  the  anther.  The 
flowers  of  Uiis  plant  arc  arranged  in  spikes  (Fig.  87.  illus.  3 
and  4)  which  belong  to  the  indefinite  class,  and  hence  the  lower 
flowers  on  the  spike  expand  first.     As  stated,  the  pistil  of  each 
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flowiT  matures  first,  and  after  it  withers  the  stamens  protrude  and 
discharge  their  pollen.  It  is  evident  that  the  flowers  can  not  be 
self-pollinaled,  nor  is  it  likely  that  one  flower  will  Ik  |>olllnated 
by  anolluT  of  the  same  s])ike.  (3  J  The  stamens  aiul  pistils  of  the 
same  flower  may  vary  in  length,  as  in  Polygonum  (  Fig.  87.  illus. 
I  and  j)  and  L\thrum  (Fig.  87,  illus.  5).  or  stand  in  such  other 
relation  to  each  other  thai  self-pollination  will  not  l)e  effected, 
as  in  some  of  the  irregular  or  zygomorphic  flowers,  like  those  of 
Orchids.    In  these  several  cases  the  pollen  grains  cither  fall  upon 


Fjr..  HI,  i>ri»  polliniLlion  inrtiuflh  !hr  a«fticv  <i!  a  tiee  >n  finw*r  o(  Quince  (Cydtmia 
vuitaru).  A.  ftowning  branch:  B.  lower  KhouHnf:  bee  cxtractinit  nrcur,  and  nuuMft  of 
pollen  liJbttrioji  iv  its  legs,  lomc  of  which  will  fall  upon  the  itiBnuis  of  other  flowcn  wbeti 
it  vWu  them;  C,  ripe  inferiar  fleshy  fruit  (potne)  of  qumce. — After  Dodel-Port. 


or  are  carried  by  various  agents  to  the  stigmas  of  other  flowers, 
and  this  is  known  as  cross-polm nation,  and  the  fertilization 
which  follows  as  cross-fertiliz.\tion. 

Cross- fertilization  is  an  advantage  to  the  species  for  usually 
the  seeds  which  result  from  this  process  give  rise  to  plants  which 
are  more  vigorous  and  otherwi.se  superior  to  those  whicli  result 
from  self-fertilization.    In  .some  cases  in  onler  to  insure  the  pro- 
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(luction  of  fruit,  hand-pollination  is  practiced,  as  by  the  growers 
of  vanilla  and  some  other  tropical  plants  of  economic  Importance. 

In  the  case  of  unisexual  Mowers,  or  those  in  which  the  stamens 
and  pistils  are  in  separate  Howers,  there  is  of  couree  no  chance 
for  self -poll  in  at  ion.  Here,  as  in  the  case  of  cross-polUnated 
hermaphrodite  flowers,  pollination  may  Ik*  more  or  less  close  or 
it  may  be  remote,  as  between  flowers  of  the  same  cluster  or  inflor- 
escence, between  flowers  of  different  clusters  or  inflorescences  on 
the  same  plant,  or  between  flowers  on  difFcrert  plants. 

In  buckwheat  (Fig.  87,  illus.  t  and  2)  and  partridge  berry 
{MitchrUa  rcpcits)  two  kinds  of  flowers  are  i»rodnced.  viz.:  {a) 
one  with  short  styles  and  long  filaments,  and  another  (())  with 
long  styles  and  short  filaments,  and  thus  the  flowers  appear  to  be 
especially  adapted  for  insect  crnss-poliinatton  and  are  called 
oiMORPHic.  In  still  other  cases  one  species  gives  rise  to  three 
kinds  of  flowers,  depending  upon  the  difference  in  the  relative 
lengths  of  the  styles  and  filaments,  as  in  the  purple  loosestrife 
{Lythnim  Saltcaria),  and  such  flowers  are  called  TRiMOUi'Hit. 

The  external  agents  which  are  instrumental  in  carrying  |K)llcn 
from  one  flower  to  another  and  thereby  promoting  cross-pollina- 
tion are  the  wind,  water  currents,  insects,  small  animals  and 
birds,  such  as  humming-birds,  which  are.  even  in  Icntperatc 
regions,  to  be  observed  visiting  Ihe  garden  nasturtium. 

In  many  of  the  early -flowering  trees,  as  well  as  pines,  Indian 
com.  etc.,  the  flowers  are  devoid  of  showy,  attractive  features, 
but  produce  lar^c  tpiantities  of  pollen  which  is  more  or  less  dry 
and  powdery  and  carrie<l  by  the  wind  to  other  flowers.  Flowers 
which  are  wind-pollinated  are  classetl  as  anemophii^i's  and  it  is 
estimated  that  almut  one-tenth  of  all  the  flower-producing  plants 
belong  to  this  class. 

Plants  which  are  pollinated  by  the  aid  of  water-currents  are 
known  as  hvdrophii.oiis.  and  under  this  head  are  include<l  those 
plants  which  live  unfler  the  water  anil  those  that  produce  flowers 
at  or  near  the  surface  of  the  water. 

Those  plants  which  flepend  upon  the  visitation  of  insects  for 
Ihe  transferral  of  the  pollen  in  cross-jiollination  are  called  rsTn- 
MOPHiLous  (Fig.  86).  They  frequently  possess  bright,  highly 
coloretl  flowers  and  it  is  considered  that  these  serve  as  an  attrac- 
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glands  known  as  nectaries  which  are  variously  located ;  fre- 
quently they  arc  on  the  tonis  either  between  the  ovary  and  sta- 
mens (Kig.  83)  or  between  the  stamens  and  petals.  Some- 
times the  stamen  is  modified  to  a  nectar- secreting  spur  as  in  the 
violets.  In  aconite  the  nectary  is  developed  from  one  of  the 
posterior  petals  (Fig.  84.  E).  In  seeking  tlie  nectar  the  pollen 
of  the  ripe  anther  may  fall  upon  or  adhere  to  the  insects  and  thus 
be  carried  from  one  flower  to  another  iKig.  86). 

HoNEV  is  a  product  foniied  through  transformation  of  the 
plant  nectar  by  honey  bees.  The  nectar  is  supposed  to  be  acted 
upon  by  certain  salivary  secretions  of  the  bee  and  changed  into  a 
fruit-sugar,  the  so-called  honey,  consisting  of  a  mixture  of  <lcx- 
Irose  and  levulose.  The  nectar  of  buckwheat  and  clover  (partic- 
ularly white  clover)  is  the  principal  source  of  the  commercial 
article.  The  nectar  of  some  plants  is  poisonous  and  may  furnish 
a  poisonous  honey  (see  p.  357). 

V.  THE   FRLUT. 


After  the  fertilization  of  the  ovule  or  ovules,  the  parts  of  the 
flower  that  play  no  further  part  either  in  protecting  the  seed  or 
aitling  in  its  dispersal  soon  wither  and  arc  cast  off:  in  most  flowers 
the  petals  lose  their  color  and,  together  with  the  stamens,  style 
and  stigma,  wither  and  fall  away  shortly  after  fertilization.  The 
stigma  may.  however,  persist,  as  in  the  poppy  ;  the  style  may  like- 
wise remain,  as  in  Ranunculus,  or  even  continue  to  grow  or 
lengthen,  as  in  Taraxacum :  in  other  cases  the  calyx  persists,  as 
in  orange  and  belladonna :  in  still  other  cases  the  torus  may  be- 
come fleshy  and  form  a  part  of  the  fniit.  as  in  pimenta  and  apple. 
The  fruit  may  consist,  therefore,  not  only  of  the  ri]ietied  pistil, 
but  also  of  other  parts  of  the  flower  and  torns  which  persist  or 
develop  with  it. 

The  wall  of  the  fruii  is  called  the  pekkahp.  and.  like  the  leaf, 
it  consists  of  three  distinct  layers,  viz.:  ( I )  the  outer  layer  corre- 
sponding to  the  outer  epidermis  of  the  ovary  is  called  the  epecarp 
or  EXOCARp;  (2I  the  inner  layer  corresponding  to  the  inner  epi- 
dermis of  the  ovary  is  called  the  e.voocarp,  or.  from  the  fact 
that  it  is  sometimes  hard  and  stone-like,  it  is  called  the  puta- 
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and  from  the  fact  that  it  is  sometimes  succulent  or  fleshy,  as  in 
the  prune,  it  is  also  called  the  sarcocarp. 

There  are  a  number  of  ilisiinctivc  and  ik'scriptive  names  ap- 
plied 10  fruits.     Some  of  the  more  important  are  as  follows: 

An  Akenc  is  a  non-fleshy,  or  so-called  dry.  unilocular  and 
one-seedeil.  indchisccnt  fruit,  in  wliich  the  pericarp  is  more  or  less 
firm,  and  may  or  may  not  be  united  with  the  seed.  Akenes  may 
be  inferior,  as  in  the  Compositae  (Fig.  241)  where  they  develop 
from  inferior  ovaries,  being  fretiucntly  surmounted  by  the  pappus 
or  calyx;  or  half  inferior,  as  in  the  rose  (Fig.  89,  G)  where  they 
develop  from  half  inferior  ovaries;  or  superior,  as  in  the  buttercup 
(Fig.  84.  Z?). 


^ 


S    ^ 


.(i^ 


Pia.  qo.  A,  trftnsTertc  leciion  of  colocj-ntb  showing  seed*  (»)  borne  on  puicUiI 
placentu;  B.  tnuwvene  MCtioo  of  fruit  of  Hieinus  eornmmmi  showing  Mplicidal  ilchis- 
eenCB  of  capsule,  the  s««d&  u)  bnns  borne  on  uiUl  rlMCnUfc:  C.  tnuuiversc  seciion  of  canl- 
unom  tbowinc  loculicidAl  dcliisceiKe.  ;h«  aecds  is),  as  in  B,  bdag  borne  oo  axj&l  p!accnta&. 

\  Berry  is  a  fleshy,  indehisccnt  fruit,  the  seeds  of  which 
are  embedded  In  the  sarcocarp:  berries  are  superior  when  they 
develop  free  from  the  torus,  as  in  belladonna  (Fig.  268),  capsi- 
cum, grape,  etc..  and  inferior  when  the  torus  forms  a  part  of  the 
fruit,  as  in  banana,  cranberry  and  gooseberry. 

A  Capsule  is  a  dry.  dehiscent  fruit,  consisting  of  two  or  more 
unitetl  carjK'Is.  Dehiscence  in  capsules  may  occur  in  five  different 
ways:  In  the  castor-bean  (Fig.  90.  B)  the  carpels  separate  from 
acb  other  along  the  walls  or  septa  (dissepiments),  the  seeds  being 
Sschargcd  along  the  ventral  suture  of  the  separated  carpels,  and 
this  mode  of  dehiscence  is  called  septicidai..  In  mustard  f  Fig. 
8y.  A)  the  dissepiments  remain  intact  and  dehiscence  occurs  along 
the  margin  of  the  capside.  and  is  therefore  called  M.VHGiN'irnMi.; 
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but  as  the  partial  carpels,  or  valves  as  they  are  termed,  separate 
from  the  walls  or  septa,  the  ddiiscence  is  also  known  as  septi-| 
l-HAGAL,  In  cardamom  (Kig.  90.  C)  the  septa  as  well  as  valves 
arc  united,  and  at  tnaturity  the  latter  separate  and  dehisce  at  puints 
in  the  margin  corresponding  to  the  mid-vein  of  the  carpel,  and  ■ 
tliis  form  of  dehiscence  is  known  as  iJKii.irtn.\L.  In  popi>y 
capsnles  (  Fig.  <>!  1  there  are  a  few  openings  hencalh  tlie  united 


lontfitudinal  scrtkmft,  »liowinK  •li»r|niiM-ntii  and  rrmitiiu  of  niduitc  stignus  &i  the  apex, 
which  «tT  pon>u(  and  through  wluch  the  tceda  are  discharged  i,  French  captain;  9, 
Ocrman  capsule*. 

sligniae;  ihmugh  which  die  seeds  are  rxpclleri.  and  this  form  of 
deliisccnce  is  known  as  porous.  In  hyoscyamus  (Fig.  89,  D)  a 
portion  of  the  capsule  comes  off  from  the  remainder  like  a  lid. 
and  this  form  of  fleliiscence  hcing  circular  or  transverse  to  the 
sutures  of  the  carpel,  it  is  called  circumcissii.e.  A  capsule  of 
this  kind  is  known  as  a  Pvxis  or  Pvxidium. 
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A  Caryopsis,  or  Grain,  is  an  indcliiscent,  non-fleshy  fruit 
possessinjc  n  ihin  pericarp,  which  is  closely  adhercnl  to  the 
thin  seed-coats,  as  in  wheat,  corn  and  other  Gramineje  (Figs. 
120.  125). 

A  Cremocarp  is  a  dry.  indehisceni  fruit  which  consists  of 
two  inferior  akenes,  known  as  mericarps;  these  are  separated 
from  each  other  by  means  of  a  stalk  known  as  a  tAKPornoKE. 
This   fniil    is    characteristic  of    tlic     Vmbcllifcra    (Figs.    245, 

248). 

A  Drupe  is  a  Heshy.  indehisccnt  fniit  with  a  more  or  less 
succulent  ami  well-devclupe<l  sarci»carp  and  an  indurated  endo- 
carp.  Drupes  are  superior  when  they  arc  free  from  the  torus,  as 
in  prune:  inferior  wlion  the  lorus  forms  a  pari  of  the  fruit,  as 
in  pimcnta.  Drupes  are  also  spoken  of  as  "  dry  "  when  the  sarc»> 
carp  is  less  succulent,  as  in  Rhus  j^iabra  (Fig.  24(5)  or  when  they 
are  collected  unripe,  as  in  pepper  and  cubcb  (Fig.  250).  The 
fruits  of  the  raspberry  and  blacklxTrj'  consist  of  a  collection  of 
Httle  drupes,  the  whole  being  known  as  an  et.ekio.  In  the  black- 
berry the  dnip^dcts  cohere  with  the  riesh^■  torus,  while  in  the  rasp- 
berrj'  ihc  liruijeleis  aiherc  wiih  one  anotlier,  forming  a  cap  which 
is  separable  from  the  cone-shaped  torus. 

A  Follicle  is  a  dry,  dehiscent  fruit  which  consists  of  one 
or  more  sci>aratc  carpels.  t!ie  dehiscence  being  usually  along  the 
ventral  suture:  in  Petf^hinium  the  carpels  are  single;  in  aconite 
there  are  from  ihree  to  five  carpels,  and  in  star-anise  {  nUditnt) 
from  seven  to  eight ;  in  magnolia  the  car|>els  are  numerous,  form- 
ing a  kind  of  succulent  cone  and  dehisce  along  the  ilorsal  suture. 

A  Galbalus  is  a  berry-like  fruit,  formed  by  the  coalescence 
of  fleshy.  o]>en  scales,  as  in  juniper  (Fig.  52). 

Hcsperidium. — The  fleshy,  indchiscent.  superior  fruit  of 
citrus,  as  lemon  and  orange,  is  known  as  a  hesjx'ridium.  The 
pericarp  is  more  or  less  coriaceous,  and  from  the  inner  walls  secre- 
tion hairs  develop,  which  contain  sugar  and  an  acid  cell-sap. 
these  constituting  the  fleshy  portion  in  which  the  seeds  are 
embedded. 

A  Legume  is  an  elongated,  monocarpellary,  usually  dn,-, 
r-dehtscent  fniit,  in  which  dehiscence  takes  place  along  both  sutures. 
tthe  carpel  thus  dividing  into  two  halves,  or  valves,  as  in  the  garden 
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pea  {Pisum)  and  other  members  of  the  Legiiminosx  (Fig.  153). 
In  sonic  cases  legumes  arc  jointed  or  articulated  and  indcliiscent, 
breaking  up  at  niaturilv  into  a  nmnbcr  of  parts  which  are  dis- 
jicrsed  in  much  the  same  manner  as  samara-fruits,  as  in  Mfibotnia. 
Legumes  niav  he  not  only  indehiscenl  but  Ik'shy.  as  in  Cassia 
fistula. 

A  Nut  is  an  akene-like  fruit,  the  pericarp  of  which  is  more 
or  less  indurated.  Nuts  are  .sometimes  .subtended  i^as  in  acorns) 
or  enclosed  (as  in  chestnuts)  by  a  kind  of  involucre,  fonning 
what  is  technically  known  as  a  cupule:  and  a  fruit  consisting  o{  a 
nut  and  cupule  is  known  as  a  Gi.ams.  The  akene-like  fruit  of 
the  Labiatx  is  spoken  of  as  a  Nutlet. 

A  Pepo  is  an  inferior  berry,  in  which  the  placentas  have 
become  tieveloped  into  succulent  layers,  as  in  the  watermelon, 
cucumber  and  colocynth  (Fig.  254). 

A  Pod  is  a  general  term  used  to  designate  all  dry.  dehi- 
scent, apocarpous  or  syncarpous  fruits,  as  capsules,  follicles  and 
legumes. 

A  Pome  is  an  indehiscent.  Iialf-inferior.  fleshy,  syncarpous 
fruit,  as  in  the  apple.  The  caqiels  constitute  the  core  and  the 
fleshy  part  is  developed  from  the  torus  ( Fig.  86,  C). 

A  Samara  is  a  winged,  akene-like  fruit.  The  winged 
appendage  may  be  at  the  afiex.  as  in  white  ash.  or  around  the  edge. 
as  in  ehn.  Two  samaras  may  be  united  into  one  fruit,  which  is 
called  a  "  double  samara  "  as  in  maple. 

A  Silique  is  a  narrow,  elongated.  2-valved  capsule  which  is 
separated  by  the  fonnation  of  :l  false  dissepiment  into  two  locules, 
as  in  the  Crucifcra:  (  Fig.  89.  .-/ ). 

.\  Sorosis  is  a  fleshy  fruit  rt'sulting  from  the  aggregation 
of  the  carpels  of  several  flowers,  as  in  mulberry  (Fig.  89.  //) 
and  pineapple. 

.\  Strobile  or  cone  is  a  scaly  fruit,  at  the  base  of  each  scale 
of  which  there  is  either  a  seed,  as  in  the  Conifcrtr,  or  an  akene-like 
lH3d\.  as  in  liop  (Fig.  136). 

A  Syconium  consists  of  a  succulent  hollow  torus,  which 
encloses  a  number  of  akene-like  bodies,  as  in  the  fig  ( Ficus). 

.\n  Utricle  is  an  inferior  akene  with  a  thin  and  loose  pericarp, 
as  in  Chcnopodium, 
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Classification  of  Fruits. — More  or  less  artificial  classifica- 
tions of  fruits  liave  betn  made.  They  may  be  g^roupecl  cither 
according  to  structure  or  according  to  their  manner  of  protection 
or  dispersal,  the  following;  classification  being  based  on  the 
structure : 

Strobile  or  Cone 

Sorosb 

Syooniura 


From  ■  number  of  fiuwen 


l^T... 


II.  IndehJKeni 


From  «  single 
flowet' 


.-/.  With  a  compouad  pistil 


Flesliy 


Akroe 

Carj-opftis 

Cremocsrp 

Nut 

Sanura 

Utride 

Berrr 

Drape 

Euerto 

Hcspetidiam 

Pepo 

Pome 


i.  OebisceDi.J 


f  Capsule 
iFoUkle 


B.  With  a  umple  [»>lil  . . 


d.  IndchUceat  J  Fleshy  J  Drupe 

*.Dehi5ceDt.,JDry...P*»"«'« 
[  I^L^unie 


VI.  THE  SEED. 

The  seed  may  be  defined  as  the  fertilized  and  developed  ovule. 
The  seeds  of  different  fruits  vary  in  number  as  well  as  in  size 
and  shape.  In  form  they  correspond  to  the  ovules :  in  size  they 
vary  from  about  1  millimeter,  as  tn  the  poppy,  to  10  or  15  centi- 
meters in  diameter,  as  in  the  cocoanut  palm.  Seldom  are  all  of 
the  ovules  of  the  pistil  fertilized,  hence  the  number  of  see<Is  is 
usually  less  than  the  number  of  ovules. 

Structure  of  Seed. — After  the  fertilization  of  the  egg-cell 
certain  changes  take  place  in  the  embryo-sac:  At  one  end  the 
developing  cmhr\-o  is  attached  to  the  wall  by  a  short  stalk  or 
suspensor   (Fig.  57)  :  the  nuclei,  lying  in  a  mass  of  cytoplasm 
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around  the  wall  of  the  embryo-sac,  divide  and  re-divide;  the  large 
vacuole  in  the  center  becomes  filled  with  a  watery  or  milky  Hnid, 
and  later  the  nuclei,  with  portions  of  the  cyioplasm,  may  be 
enclosed  by  a  cellulose  wall  and  become  permanent  cells,  in  which 
the  embryo  is  embedded.  Likewise  in  the  nucellus.  changes  arc 
also  taking  place:  the  cells  are  found  to  lie  dividing,  and  storing 
starch,  oil.  aleurone  and  otiier  food  materials,  like  the  cells  of  the 
embryo-sac.  The  cells  in  which  these  materials  are  stored  are 
known  as  reserve  cells  and  in  the  nucellus  they  constitute  the 
rERisPERM,  while  those  formed  in  the  embryo-sac  make  up  the 
ENDOSPERM.  Usitallv  the  endospenn  of  seeds  is  prominently 
develoj>ed  while  the  perisperm  occurs  as  a  thin  layer;  in  carda- 
mom, however,  the  endosperm  and  perisperm  are  both  well  devel- 
oped (Fig.  253).  In  some  instances  the  embryo  may  not  fill  the 
embryo-sac,  as  in  cocoanut,  and  sometimes,  as  in  the  almond,  both 
of  the  reserve  layers  are  consumed  in  the  developnicnt  of  the 
embryo  when  the  seed  is  said  to  be  without  endosperm  ( I'ig.  187). 
The  perisperm  and  endosperm  arc  sometimes  spoken  of  to- 
gether as  the  albumen  of  the  seed,  but  as  the  cells  compriserl  in 
these  layers  aintain  not  only  protoplasmic  contents  and  aleurone 
grains,  but  starches,  oils  and  other  stibstanccs,  the  term  is  mis- 
leading. On  this  basis,  seeds  containing  cither  endosperm  or 
perispcmi.  or  both,  have  Ix-en  designated  as  albuminous,  but  on 
account  of  these  layers  containing  larger  proportions  of  other 
substances  than  proteins  it  would  be  hcttpr  to  speak  of  them  as 

RICSKRVE  I.AYF.HS    ( FigS.    121,    1221- 

While  tliese  changes  in  the  inicellus  and  embryo-sac  have  been 
going  on  there  have  been  equally  great  changes  in  the  coats  of 
the  ovules,  which  later  constitute  the  seed-coats.  In  the  seed 
the  two  coats  are  generally  readily  distinguishable.  The  inner, 
as  in  Ricitius.  Pcpo.  etc.,  is  thin,  light  in  color,  of  a  delicate 
structure,  and  is  known  as  the  teomen;  the  outer  is  more  or  less 
thickened,  of  a  darker  color  and  firmer  in  structure,  and  is  known 
as  the  TESTA.  In  some  instances  the  perisperm.  or  I^Dth  perisperm 
and  en<losperm.  may  f>c  reduced  to  a  thin  layer  when  it  is  cons.id- 
prrd  to  form  a  part  of  the  seed-coat,  as  in  mustard.  In  other  cases 
the  Iwo  coats  arc  so  closely  united  that  they  are  not  easily  distin- 
guished, as  in  stramonium. 
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from  its  stalk  and  (he  resulting  scar  is  calle<I  the  iiillsi  ;  that 
part  of  the  seed  corresponding  to  the  foramen  of  the  ovule  is  more 
or  less  close<l  and  is  known  as  the  micropvle:  the  embryo  de- 
velops in  such  a  way  that  tlie  tip  of  the  young  root  always  points 
in  the  direction  of  the  micropyle. 

In  the  fully  developed  embryo  three  distinct  parts  may  be  dif- 
ferentiated (Tig.  59)  :  (i)  The  cotyledons;  (2)  the  part  below 
the  cotyledons,  known  as  the  hypocotyl,  the  apical  portion  of 


Fig.  1)3.  Suc>.v^»>.c  aU.K>.>  !•'<  il"^  devclopnienl  of  Ao*rer  and  fruit  of  Viola  iricohr. 
Tbe  bad  w  ak  btwl  «fcct.  *•  the  flower  devrlope  (he  ovary  MBumcs  »  hotiBoaLal  pusittoa, 
anJ  Alter  fcnilitation  rauiniM  the  erect  positioii. 

which  constitutes  the  young  root  or  r.\djcle;  (3)  the  part  above 
the  cotyledons,  known  as  the  eimcotvl,  the  apex  of  which  con- 
sists of  a  more  or  less  (icvolopcd  bud  spoken  of  as  the  I'lumule. 
The  position  of  the  embryo  (Figs.  121,  122)  in  the  seed  varies 
somewhat:  in  most  seeds  it  lies  in  the  center,  as  in  sirophanthus 
and  linum ;  it  may.  however,  be  excentral.  as  in  colchicum  and 
nutmeg.  The  cotyledons  are  usually  situated  alxive  the  hyi»colyl. 
but  in  the  Cruciferx,  either  their  edges  lie  against  the  hyi>ocotyl, 
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as  in  Uie  'iiustarUs,  when  ihcy  arc  said  to  be  AccuMflENT  or  coa- 
duplicate.  or  ihey  lie  so  that  the  back  of  one  is  against  the  liypo- 
cotyl,  as  in  Lcpidiunt.  which  position  is  known  as  i.n'CITMbent. 

Exlernallx",  llie  seed-coats  vary  considerably :  they  may  be 
nearly  smooth,  as  in  ricinus;  finely  pitted,  as  in  the  mu8tar<ls; 
prominently  reticulate,  as  in  staphisagria;  hairy,  as  in  cotton  (Fig. 
166)  and  sirophanihus  (Fig.  185  j.  or  winged,  as  in  the  seeds  of 
the  catalpa.  There  are  also  a  number  of  other  appendages,  tlicse 
havinj?  received  special  names:  the  wart-like  development  at  the 
micropyle  or  hilum  of  sonic  seeds,  as  in  castor-bean  and  violet,  is 
known  as  the  caruncle:  in  the  case  of  sanguinaria.  a  wing-like 
development  extends  along  the  raphe,  and  this  is  known  as  the 
sTiturmoLK ;  in  some  cases  the  appendage  may  completely  en- 
velop the  seed,  when  it  is  termed  an  arillus;  when  such  an 
envelope  arises  at  or  near  the  micropyle  of  the  seed,  as  the  mace 
in  munief^.  it  is  known  as  a  "  false  arillus."  or  akilloue. 

Seed  Dispersal. — Seeds  and  fruits  are  distributed  in  various 
ways,  and  so  are  often  found  growing  in  localities  far  from  their 
native  habitat.  In  some  instances  seeds  are  adapted  for  distri- 
bution by  the  wind,  being  winged,  as  in  Pauhzvwa.  Catalpa  and 
Bianoiiio.  or  plumed  and  awned.  as  in  Strophanthus  (  Fig.  185)  : 
Asckpias  and  Apocymtm  (Fig.  201  ).  ,\%  examples  of  fruits  hav- 
ing special  parts  which  aid  in  their  distribution  may  be  mentioned 
the  akonc  of  Arnica  which  is  provided  with  a  pappus  ( I-'ig.  241 ), 
the  bladder-like  pericarp  of  Chenopodium.  the  winged  fruit  or 
i  samara  of  maple.  The  hooked  or  barbed  appendages  on  some 
fruits  serve  to  attach  them  to  animals  and  thus  they  may  be 
widely  distributed,  as  in  burdock  (Fig.  92)  and  Spanish  needles 
(Bidetis  biphtnata).  In  still  other  cases  fruits  may  be  carried 
long  distances  by  water  currents,  or  even  by  ocean  currents,  as 
those  01  the  Double-cocoanut  palm  (Lodotcca  ScychcUarum)^ 
which  while  native  of  the  Seychelles  Islands  is  now  found  on  many 
of  the  islands  in  the  Pacific  and  Indian  Oceans.  It  may  also  be 
flientioncd  in  this  connection  that  a  number  of  fruits,  as  the  gar- 
den balsam,  castor-oil  plant,  violets  (Fig.  93),  Wistaria,  etc.,  are 
clastically  dehiscent  and  discharge  llie  seeds  with  considerable 
force. 
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Cl-IAl'TEK  III. 
JNER  MORPHOLOGY  OF  THE  HIGHER  PLAJ 
CELL  AND  CELL-CONTENTS. 

A  TYPICAL  living  cell  may  be  said  to  consist  of  a  wall  and  a 
protoplast  (a  unit  of  protoplasm),  although  it  is  often  customary 
to  refer  to  the  protoplast  alone  as  conslitutinjj  tlie  cell.  This  is  in 
view  of  the  fact  that  tlie  protoplasm  wliich  makes  up  the  sub- 
stance of  the  protoplast  is  the  living  substance  of  the  plant. 

Besides  the  protoplasm  other  substances  arc  also  fcnind  in  the 
cell,  hence  in  a  general  way  (he  cell  may  be  said  to  be  composed 
of  a  wall  and  contents  (cell-contents).  The  wall,  as  well  as  the 
cell  contents,  consists  of  a  number  of  substances,  and.  as  the  cell- 
contents  are  of  primary  imponance  in  the  development  of  the 
plant,  their  nature  and  composition  will  be  considered  first. 

Cell-contents. — With  the  distinction  already  made  the  cell- 
contents  may  be  grouped  into  two  classes:  (i)  I'rotoplasmie.  or 
those  in  which  tlie  life-processes  of  the  plant,  or  cell,  are  mani- 
fested, and  (2)  non-protoplasmic,  or  those  which  are  the  direct  or 
inttireet  protlucts  rtf  the  protoplast.  The  first  class  includes  the 
protoplasm  with  its  various  difTerentiated  jiarts.  and  the  second, 
the  various  carbohydrates  ( starclies  and  sugars ) .  calcium  oxalate, 
aleurone.  tannin,  oil.  and  a  number  of  other  substances. 

PROTOPLASMIC  CELL-CONTENTS. 

Protoplasm. — Protoplasm  occurs  as  a  more  or  less  scmi- 
liuid.  slimy,  granular,  or  foam-like  substance,  which  lies  close  to 
the  walls  of  the  cell  as  a  relatively  thin  layer  and  surrounding  a 
large  central  cavity  or  vacuole  filled  with  cell-sap.  or  it  may  be 
distributer]  in  the  form  of  threads  or  bands  forming  a  kind  of  net- 
work enclosing  smaller  vacuoles.  Protoplasm  consists  of  two 
comparatively  well  differentiated  portions:  (l)  Certain  more  or 
less  distinct  bodies  which  appear  to  have  particular  functions  and 
to  which  a  great  deal  of  study  has  been  given,  as  the  nucleus  and 
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plastids,  and  (2)  a  less  dense  portion  which  may  bo  looked  upon 
as  the  ground  substance  of  the  protoplast  and  which  is  now  com* 
inonly  referred  to  as  the  cytoplasm  (sec  I-'rontispiece).  These 
iliflfcrentiated  bodies  an<l  the  cytoplasm  are  intimately  associated 
and  interdependent.     The  nucleus  and  cytoplasm  are  present  in 
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Flu.  94-  SuooMnvenUigeslnnuckar  and  cell  division,  n,  oucleolua;  c,  centraii>herei 
<,  chrDfTUMom«4:  sp,  spindle  tiben.  A.  B,  C.  diviiion  of  chromosomcc.  i.  evil  with  nuclous 
contMaifiK  nucleolus  (n),  and  two  ccntnaphtrca  (cl:  a,  showing  scpftfalion  ol  nucleus 
into  dittinct  chromnBomu  (s>  nnd  the  cmtroeph^rcs  at  Hther  polr  of  thr  nucleus;  j ,  formA- 
tion  of  trpiodlc  fibers  (sp);  4.  Ion«itudinal  dt%-tuon  of  chrornusoin«i.  j.  division  ut  the  ceo- 
tRMphere*,  6,  7,  B.  further  itaffes  in  ihc  ikvcloptucnl  of  the  dnuKhter nuclei:  9,  formation 
of  veil- wall  which  is  completed  iu  10  Kiviii^  riui  to  two  new  celb, — After  Stra»burg«r, 


all  living  cells  and  it  is  throiiRli  their  special  activities  that  cell 
ilivision  takes  place.  When  in  aildition  plaslids  arc  present,  con- 
structive metabolism  takes  place,  \vhereb>  complex  substances  are 
formed  from  simpler  ones  (p.  222). 

Besides  the  nucleus  and  plastids  other  protoplasmic  structures 
are  sometimes  found  embedded  in  tJie  cytoplasm.    These  are  the 
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cENTSLKii'HiUii^s  (Fig.  94.  c).  Small  spherical  bodies  that  are 
associated  with  the  nucleus  and  appear  to  be  couccrnc*]  in  cell 
division.  There  are  in  fact  quite  a  number  of  minute  bodies  in 
the  cytoplasm  which  may  be  always  present  or  only  under  certain 
conditions,  and  which  arc  grouped  luidcr  the  general  name  of 

MICROSOMES  or  MICROSOMATA. 

Chcnijcally  prutoplasm  is  an  extremely  complex  substance,  but 
docs  not  api)car  to  have  a  definite  molecular  structure  of  its  own. 
being  composed  in  large  measure  of  proteins,  a  class  of  organic 
com]X>unds  which  always  contain  nitrogen,  and  frc(]ucntly  phos- 
phorus and  sulphur.  The  molecule  of  the  i)r(itcins  is  large  anri 
more  or  less  unstable,  and  hence  subject  to  rapid  changes  and  a 
variety  of  combinations,  and  it  is  to  these  interactions  tliat  the 
vital  activities  of  the  plant  are  altrilmtcd. 

Nucleus. —  The  nucleus  consists  of  (1)  a  ground  substance 
in  which  is  emlieridc*!  (2)  a  network  composed  of  threads  con- 
taining a  granular  material  known  as  (■iiRr>M atin,  and  (,^)  gen- 
erally one  or  more  spherical  Ixxlies  called  nucuvolks,  the  whole 
being  enclosed  by  (4)  a  delicate  membrane  (Fig.  94).  The  chro- 
matin threafis  are  readily  stained  by  some  of  tlie  aniline  dyes,  and 
are  mainly  composed  of  nucleins  (proteins)  rich  in  phosphorus, 
which  by  some  writers  are  supposed  to  be  essential  constituents  of 
the  nucleus  and  necessary  to  the  life  of  the  protoplast.  Chroma- 
tin is  c«:>nstant  in  the  nucleus  and  prior  10  ceil  division  the  threads 
become  organized  into  bodies  of  a  definite  number  and  shape 
known  as  chromosomes  (Fig.  94.  s). 

Plastids. — The  plasiids  or  chromatophorcs  form  a  group  of 
diflferentiated  protoplasmic  bodies  found  in  the  cytoplasm  (Front- 
ispiece) and  are  associated  with  it  in  the  btiilding  up  of  complex 
organic  compounds,  as  starch,  oil  and  proteins.  The  term  chro- 
matophore  means  color-bearer,  but  applies  also  lo  those  plastids 
which  may  Ix;  colorless  at  one  stage  and  pigmented  at  another. 
Hence  we  may  si^eak  of  colorless  chromatophorcs.  .\ccording 
to  the  position  of  the  cells  in  which  these  bodies  occur  an<l  the 
functions  they  perform,  they  vary  in  color — three  distinct  kinds 
lieing  recognized.  ( 1 )  In  the  egg-cell  and  in  the  cells  of  roots, 
rhizomes  and  seeds  the  plastids  are  colorless  and  are  called  leixo- 
PLASTins.     (2)  When  they  occur  in  cells  which  are  more  or  less 
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exposed  to  light  and  produce  the  green  pigment  called  chloro- 
phyll, they  are  known  as  CHLORopi^STius  or  chloroplasis.  (3)  In 
otiicr  cases,  intlependeiuly  of  llic  position  of  the  celb  as  to  light 
or  darkness,  the  plastids  develop  a  yellowish  or  orange-colorcJ 
principle,  which  may  be  tenncd  chromophyll.  and  arc  known  as 
CUROMDPLASTIDS.  Chloroplastids  are  found  in  all  plants  cxccj)! 
Fungi  and  non-chlorophyllous  flowering  plants,  and  chromoplas- 
tids  in  all  plants  except  Fungi.  Plastids  vary  in  form  from  more 
or  less  spherical  to  polygonal  or  irregular-shaped  bodies,  and 
they  increase  in  number  by  simple  fission.  They  suffer  decompo- 
sition much  more  readily  than  the  nucleus,  and  are  found  in  dried 
material  in  a  more  or  less  altered  condition. 

Leucoplastids. — The  chief  function  of  the  leucoplastids  is 
that  of  building  up  reserve  starches  or  those  stored  by  the  plant 
for  food,  and  they  may  be  best  studied  in  the  common  potato 
tuber,  rhizome  of  iris,  and  the  overground  tubers  of  Phaius  (Fig. 
2,  &).  The  reserve  starches  are  formed  by  the  leucoplastids  from 
Rugar  anti  other  ^^iliiMe  carbohydrates. 

The  chloroplastids  occur  in  all  the  green  parts  of  plants 
(see  Frontispiece).  They  vary  from  3  to  11  ft  in  diameter  and 
are  more  or  less  spherical  or  lenticular  in  shape,  except  in  the 
Alga;,  where  they  are  large  and  in  the  shape  of  Ijands  or  disks 
( I'lgs.  6,  7J,  and  generally  sjKjken  of  as  chromalophores.  Chlo- 
roplastids are  found  in  greater  abundance  in  the  cells  near  the 
upper  surface  uf  the  leaf  than  upon  the  under  surface,  the  pro- 
portion being  about  five  to  one.  These  grains  u|x>n  close  exam- 
ination are  found  to  consist  of  (1)  a  colorless  stroma,  or  liquid, 
in  which  are  eml)edded  (2)  green  granules:  (3)  colorless  gran- 
ules; (4)  protein  masses;  (5)  starch  grains:  and  (6)  a  mem- 
brane which  surrounds  the  whole.  The  green  granules  arc 
looked  upon  as  the  CO-  assimilation  bodies;  the  colorless  grains 
are  supposed  to  assist  in  the  storing  of  starch  or  in  the  produc- 
tion of  diastase,  the  con<litions  for  these  processes  being  directly 
opposite,  i.e.,  when  CO...  assimilation  is  active,  starch  is  stored, 
and  when  this  process  is  not  going  on.  as  at  night,  diastase  is  pro- 
duced and  the  starch  is  dissolved.  The  protein  grains  may  be  in 
the  nature  of  a  reserve  material  of  the  plastid  and  arc  also  prob- 
ably formed  as  a  result  of  CO,  assimilation. 
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While  the  protoplasm  has  been  tennetl  by  iluxley  "  The  phys- 
ical basis  of  Hfe,"  tlie  chloroplastid  has  been  spoken  of  as  the 
mili  which  supplies  the  worlil  with  its  food,  for  it  is  by  tiie 
process  of  photosynthesis  that  the  energy  of  the  sun  is  con- 
vcrte<i  into  vital  energy,  and  starch  and  other  products  formed, 
which  become  not  only  tho  source  of  food  for  the  plant  itself, 
but  also  the  source  of  the  food-supply  of  the  animals  whidi 
feed  U]ion  plants.  Ir  other  words.  horse-i>ower  is  tlerived 
from  the  cncrg_\  of  the  sun  whidi  is  stored  by  the  chloroplastids 
in  the  plant. 

Chromoplastids. — ^In  many  cases,  as  in  routs,  like  those  of 
carrot,  ur  tloueri.  and  fruits,  whidi  are  yellowish  or  orange- 
colored,  there  is  present  a  corres|)onding  yellow  pij^ment.  and  to 
this  dass  of  pigments  the  name  chrotnophyll  may  be  applied. 
5H)me  of  lliesc  pigments,  as  ilu-  carotin  in  carrot,  have  Ix't-n  iso- 
lated in  a  crystalline  condition  (see  Frontispiece). 

Chromo]>lastids  usually  contain,  as  first  pointed  out  h\  Schim- 
per  and  Mt-ycr.  protein  substances  in  the  form  of  crystal-like 
bodies :  starch-grains  may  also  be  present.  The  chromoplasti(b 
are  ver>'  variable  in  shape  and  in  other  ways  an*  markedly  differ- 
ent from  the  chloroplastids.  They  are  more  unstable  than  tlie 
chloropla.stids.  and  are  formed  in  undergroimd  parts  of  the  plant, 
as  in  roots,  as  well  as  in  parts  exposed  to  the  light,  as  in  thu  flower. 
Their  formation  frequently  follows  that  of  the  chloroplastids,  as 
in  the  ripening  of  certain  yellow  fruits,  such  as  apples,  oranges, 
persimmons,  etc. 

The  fi^STin  i'igmests  are  distinguished  from  all  other  color- 
substances  in  the  plant  by  the  fact  that  they  are  insoluble  in  water 
and  soluble  in  ether,  chloroform  and  similar  solvt-nts.  In  fact 
they  are  but  Httle  affected  by  the  usual  chemical  reagents  under 
ordinar)-  conditions. 

Apart  from  the  difference  in  color,  the  yellow  pigment  (chro- 
mophyll)  is  distinguished  from  the  green  (chlorophyll »  by  the 
fact  that  the  latter  is  said  to  contain  nitrogen,  and  also  by  their 
difference  in  behavior  when  examined  si>ectroscopically,  chl<'>ro- 
j)hyll  giving  several  distinct  bands  in  the  yellow  and  orange  por- 
tion of  the  spectrum,  which  are  wanting  in  the  spectnun  of  the 
yellow  principle. 
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NON-PROTOPLASMIC  CELL-CONTENTS. 

The  non-protoplasniic  consliluenls  of  plants  may  be  said  to 
differ  from  the  protoplasmic  cell-contcnls  in  two  important  partic- 
ulars, namely,  structure  and  function.  For  convenience  in  con- 
sidering them  here,  tiiey  may  be  groujwd  as  follows: 

(i)  Those  of  definite  form  including  (a)  those  which  arc 
colloidal  or  crystalluiilal,  as  starch  and  inulin ;  (b)  those  which 
are  crvstalline.  as  the  sugars,  alkaloids,  glucosides.  calcium  oxal- 
ate; (c)  composite  bodies,  as  alcurone  grains,  which  are  made 
up  of  a  number  of  different  substances. 

(2)  Tliose  of  more  or  less  indefinite  form,  including  tannin, 
g^ims  and  mucilages,  fixed  and  volatile  oils,  resins,  gum-resins, 
olco-rcsins,  balsams,  caoutchouc,  and  also  silica  and  calcium 
carbonate. 

I.   SLESTANCES  DEFINITE  IN   FORM. 

COLLOIDAL  OR  CRYSTALLOIDAL. 

Starch  is  the  first  visible  product  of  photosynthesis  al- 
though it  is  probable  tliat  simpler  intermediate  products  arc  first 
formed.  This  substanct-  is  formed  in  the  ch[oro|)lastid  (Sfc 
Frontispiece)  and  is  known  as  ASSiMit.ATroN  .starch.  Starch 
grains  are  usually  found  in  the  interior  of  the  chlaroplasti<l,  but 
may  attain  such  a  size  that  Ihey  burst  through  the  boundary  wall 
of  the  plastid.  which  latter  in  the  final  stage  of  the  growth  of  the 
starch  grain  forms  a  crescent- shaped  disk  attached  to  one  end  of 
the  grain,  as  in  Pellionia.  Starch  is  changed  into  soluble  car- 
Uihydrates  by  the  aid  of  ferments  and  probably  other  substances, 
and  in  this  form  is  transported  to  those  portions  of  the  plant 
rt'qniring  food.  The  starch  in  the  medullary  rays  and  in  other 
cells  of  the  wood  and  bark  of  plants  is  distinguished  by  lieing  in 
the  form  of  rather  small  and  nearly  spherical  grains.  In  rhi- 
zomes, tubers,  bulbs  and  seeds  the  grains  are,  as  a  rule,  quite 
large,  and  possess  more  or  less  distinct  characteristics  for  the 
plant  in  which  they  arc  found.  Starch  of  this  kind  is  usually 
spoken  of  as  reserve  starch. 

Occurrence  of  Starch. — Starch  is  found  in  most  of  the 
algw  and  many  of  the  mosses,  as  well  as  in  the  ferns  and  higher 
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plants.  The  amount  of  starch  present  in  the  tissues  of  plants 
varies.  In  the  root  of  manihot  as  much  as  70  per  cent,  has  been 
found.  Tliis  constituent  also  varies  in  amount  according  tn  the 
season  of  the  year.  Rosenheim  has  ol)serve<I  tliat  in  certain  peren- 
nial plants  there  is  an  increase  in  the  amount  of  starch  during; 
the  winter  months,  whereas  in  other  plants  it  decreases  nr  may 
entirely  disappear  rliirinj^  this  period.  In  the  latter  case,  from  six 
weeks  to  two  months  in  the  spring  are  rcfitiired  for  its  re-forma- 
tion, and  al>out  an  e<iual  period  is  consumed  in  the  fall  in  effect- 
ing its  solution. 
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Pic,  v5-  Appeantoce  of  ^-uioub  staicha  uodtr  polanEFri  iisht:  I,  II,  III,  potato- 
starch  grains;  IV.  wheat-itarch  tfrain,  V.  |>eii-!>ltircli  grain. — Aflci  Dippel. 

Structure  and  Composition  of  Starch  Grains. — The  formula 
which  is  generally  accepted  for  starch  is  (C,H,o05)o.  this  being 
recognized  by  Pfcffcr.  Tollens  and  Mylius.  It  is  supposed  that 
the  molecule  of  starch  is  quite  complex,  it  being  composed  of  dif- 
ferent single  groups  of  C,H,uOa  or  multiples  of  the  same.  While 
this  formula  may  I>e  accepted  in  a  general  way.  still  it  has  been 
shown  that  there  are  at  least  twn  substances  which  enter  into  the 
composition  of  the  starch  grain,  and  more  recent  studies  tend 
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to  show  that  it  is  in  the  nature  of  a  sphero-crystalloid,  resembling 
inulin  in  some  respects.  Starch  grains  have  an  interesting  struc- 
ture. They  vary  in  shape  from  ovoid  or  spherical  to  polygonal, 
and  have  a  more  or  less  distinct  marking  known  as  the  "  hilum," 
"  nucleus  "  or  the  point  of  origin  of  ghowth.  The  substances 
of  which  the  grains  are  compose<l»  are  arranged  in  concentric 
layers  or  lamella?  which  arc  more  or  less  diaracteristic  and  which 
sometimes  become  more  distinct  on   the  application  of  certain 


Fic.  q6,  Sucwmvc  ^tal^t^s  in  the  STretUng  and  diaatcgriklion  of  starch  firains  in  the 
prneooc  of  wKttr  on  the  application  of  bo*t  <6o°'7o'  C).  or  certain  chcmicali.  PoUlo 
Mtrcit  i-io:  wbest  stareb  ii-aa. 

reagents  (Kigs.  96.  97).  The  point  of  origin  of  growth  and  alter- 
nate lamella  are  stained  by  the  use  of  gentian  violet  and  other 
aniline  dyes,  which  may  be  taken  to  indicate  tliat  these  layers 
contain  a  colloidal  substance  somewhat  resembling  a  mucilage, 
while  the  alternating  layers  are  stained  with  dilute  ioilinc  solu- 
tions and  are  probably  composed  of  soluble  starch,  this  latter  cor- 
responding to  the  a-amylosc  of  Arthur  Meyer  nr  the  granulose 
rlescribed  by  Nagcli.  The  peripheral  layer  of  the  grain  appears 
to  be  a  distinct  membrane.  It  is  quite  elastic,  more  or  less  porous, 
and  takes  up  &tai35  readily. 
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While  starch  ^ains  usuall)'  occur  singly,  (hey  arc  not  infrc- 
iliiently  found  in  groups  of  two,  three  or  four  grains,  when  tliey 
arc  sjx>ken  of  as  two-,  three-,  or  four-compound.  In  some  of  ihc 
ctrreal-*.  as  rice  and  oai.  they  arc  loo-conipound  or  niorc.  The 
individuals  in  compound  grains  are  in  !>onic  cases  easily  sepa- 
rated from  one  another,  Tlfis  occurs  fre^iuently  in  microscopical 
prcimraiiuns,  and  is  especially  noticeable  in  the  commercial 
Marches. 

The  various  commercial  starches  belong  to  tlie  class  of  reserve 
starches  and  may  be  distinguished  by  the  fallowing  cliaractcristics : 

( 1 )  The  shape  of  the  grain,  which  may  be  spherical,  ellip- 
soidal, ovoid,  polygonal,  or  of  some  other  characteristic  form 
U-igs.  316.  317J. 

(2)  The  size  of  the  grain,  whicli  varies  from  1  or  2  /i 
to  a1)out    100  fi  in  diameter. 

(3)  The  position  of  the  |»int  of  origin  of  growth,  which  may 
be  central  (Fig.  316,  C,  D)  or  excentral  (Fig.  316,  .'J,  B). 
In  some  cases  there  arc  apparently  two  points  of  origin  of  growth 
in  a  single  grain,  and  it  is  then  spoken  of  as  "  half-compound," 
as  in  potato  (Fig.  316*  A), 

(4)  The  shape  of  the  point  of  origin  of  growth,  which  may 
be  spherical,  as  in  potato  (Fig.  316.  A);  cross-shaped,  as  in 
maranta  ( Kig.  316.  B) ;  a  three-  or  five-angled  fissure  or  cleft. 
as  in  corn  (Fig.  316,  D),  or  indistinct  or  wanting,  as  in  wheat 
(Fig.  316.  C). 

(5)  The  convergence  of  the  lamella,  which  may  be  either 
toward  the  broad  end  of  the  grain,  as  in  maranta  (Fig.  316,  B). 
or  toward  the  narrow  end.  as  in  potato  (Fig.  316,  A).  In  most 
grains  the  lamellae  are  indistinct  or  wanting,  as  in  wheat  and  corn 
(Fig.  316.  C  O). 

(6)  Dehavior  toward  dilute  iodine  solutions,  the  color  pro- 
duced varying  from  a  deep  blue  in  most  starches  to  a  red  or  yel- 
lowish rc<I.  as  in  the  amylodextrin  grains  of  mace. 

(7)  The  temperature  (aS"-??"  C.  )  at  whidi  the  "  kleister  " 
or  paste  is  fonned,  and  its  consistency. 

(8')  The  appearance  as  viewed  by  polarized  light,  the  distinct- 
ness of  the  cross,  as  well  as  the  kinds  of  colors  pro<Iuced.  vary- 
ing considerably  as  Nichol's  prism  is  revolved  (Figs.  95.  175a). 
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(9)  Behavior  toward  various  reagents,  as  chromic  acid,  cal- 
cium nitrate,  chlur-zinc-icKiide,  tliastast  and  various  aniline  stains, 
showing  pecuharities  of  both  structure  and  composition  (Fig.  96). 

General  Properties  of  Starch. — If  starch  is  triturated  with 
water  and  the  nuxiurc  tiltered,  the  hltratc  does  not  give  a  reaction 
with  iodine  solution ;  if,  on  the  other  hand,  the  starch  is  previously 
triturated  with  sand  and  tlien  with  water,  the  filtrate  becomes  blue 
on  the  addition  of  iodine  solution.  Il  appears  that  in  the  latter 
operation  the  wall  of  the  grain  is  broken  and  tlie  soluble  starch 
present  in  the  grain  is  liberateti. 

If  dry  starch  and  iodine  are  triturated  together  no  color  or, 
at  the  most,  a  faint  blue  color  is  produced;  whereas,  if  a  little 
water  is  added  and  the  trituration  repeated,  a  deep  blue  color  is 
immediately   prcKluccd. 

The  blue  color  of  starch  solution  and  iodine  disappears  on  the 
application  of  heat,  but  slowly  returns  on  cooling  the  solution, 
but  not  with  the  same  degree  of  intensity,  part  of  the  iodine 
being  volatilized. 

When  starch  is  heated  with  glycerin  it  dissolves,  .ind  if  alco- 
hol is  added  to  the  solution,  a  granular  precipitate  Is  formed  which 
is  soluble  in  water,  the  solution  giving  a  blue  reaction  with  iodine. 

When  starch  is  heated  with  an  excess  of  water  at  100"  C.  for 
even  several  weeks,  it  completely  dissolves  witli  the  forma- 
tion of  soluble  starch,  which  gives  the  characteristic  blue  reaction 
with  iodine.  If.  however,  a  mineral  acid  be  adiled.  it  is  quickly 
dextrinized,  turning  vjolet-red.  refldish  and  yellowish  with  iodine; 
iinally,  maltose  and  dextrose  are  produced,  these  giving  no  reac- 
tion with  iodine,  but  reducing  Fchling's  solution.  The  ferments 
and  other  chemicals  have  a  similar  effect  on  starch. 

When  dry  starch  is  heated  at  about  SO°C.  from  15  to  30  min- 
utes the  lamella?  and  cr)-stalloidaI  structure  become  better  defined 
and  the  polarizing  effects  produced  by  the  grains  also  become 
more  pronounced.  When  starch  is  mounted  in  a  fixed  oil.  as 
almond,  the  polarizing  effects  are  more  pronounced  than  when 
it  is  mounted  in  water,  but  the  inner  structure  is  not  usually 
apparent,  unless  the  starch  has  been  previously  heated. 

Inulin  appears  to  bo  an  isomer  of  starch  and  occurs  in  solu- 
tion in  the  ce'l-sap  of  various  members  of  the  Composite  and 
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several  other  families,  being  found  in  the  lower  orders  of  plants 
only  in  isolated  cases. 

It  is  stored  chiefly  in  the  parenchyma  cells  of  the  wood  and 
bark  of  rhizomes,  tubers  and  roots,  being  also  found  in  the  medul- 
lar)-ray  cells.  It  occurs  in  the  form  of  a  colorless,  or  yellowish, 
highly  refractive,  concentrated  solution,  about  30  per  cent,  being 
present  in  plants  during  the  early  fall  and  spring,  when  it  exists 
in  greatest  amount.  During  winter  and  also  during  summer  it  is 
changed  to  levulose. 

According  to  Dragendorff  there  are  two  fonns  of  inulin ;  one 
of  which  is  amorphous  and  easily  soluble  in  water,  and  another 
which  is  crystalline  and  difficultly  soluble  in  water.  The  latter 
is  prot>al)ly,  however,  a  modification  uf  the  former,  and  it  is  not 
unlikely  that  the  various  i»riiid]>It*s  known  as  pseudoinulin.  inu- 
Icnin.  helianthenin  and  .synaniherin  are  all  mo(hfications  of  inuhn. 

If  inulin-containing  plants  are  preserve*!  in  alaihol  and  exam- 
ined by  aid  of  the  microscoiw,  the  inulin  will  lie  found  to  have 
separated  in  the  form  of  sphere-crystalloids,  which  are  attached 
to  the  cell  wall  (Fig.  loi.  E:  Pig.  105)  ;  hut  if  the  material  is 
first  allowed  to  dry  out,  the  inulin  will  be  found  in  irregular, 
almost  gum-like  lumps,  which  are  with  more  or  less  difficulty  dis- 
solved in  water. 

Drugs  Containing  Inulin, — Inulin,  in  the  form  of  irregular, 
strongly  refractive  masses,  is  found  in  the  following  drugs: 
Inula.  lappa,  pyrethruni  and  taraxacum. 


CRYSTALLINE  SUBSTANCES. 

The  sugars  constitute  a  group  of  crystalline  principles  of 
wide  distribution.  Tliey  occur  in  the  cell-sap,  from  which  by 
evaporation  or  on  treatment  with  alcohol  they  may  lie  crystallized 
out.  (^uite  a  large  number  of  <Iistinct  principles  lielonging  to  this 
class  have  been  recogni2e<l.  of  which  the  following  may  be  men- 
tioned : 

Dextrose  (grape-sugar  or  dcxtro-ghicose)  is  found  in  sweet 
fruits,  the  nectaries  of  the  flowers,  and  stems  and  leaves  of  various 
plants.  It  crystallizes  in  needles  and  varies  in  amount  from  i  to  2 
per  cent,    (iji  peaches),  to  30  per  cent,  in  certain   varieties  of 
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grapes,  it  also  occurs  in  combination  willi  other  principles,  form- 
ing the  glucosidcs. 

Levulose  (fructose,  fruit-sugar  or  levo-glucoscj  is  associated 
with  dextrose,  occurring  in  some  instances  even  in  larger  quan- 
tities than  the  latter. 

Sucrose  {saccharose  or  cane-sugar)  is  fotuid  rather  widely 
distributed,  as  in  the  steins  of  com,  sorghum  and  the  sugar-cane; 
in  roots,  as  the  sugar-beet :  in  the  sap  of  certain  trees,  as  st^far- 
maple  and  some  of  tlie  palms;  in  the  nectaries  and  sap  of  certain 
flowers  as  fuchsia,  caryophyllus  and  some  of  tlie  Cactacea; ;  in 
seeds,  as  ahnond  and  chestnut,  and  in  various  fruits,  as  figs,  mel- 
ons, apples,  cherries.  In  some  plants,  as  in  sugar-cane,  the  yield  is 
as  higli  as  20  per  cent.  It  crystallizes  in  monocUnic  prismsor  pyra- 
mids and  forms  insoluble  compounds  with  calcium  and  strontium- 
Maltose  is  found  in  the  germinating  grains  of  cereals  (see 
malt)  :  it  forms  colorless,  needle-shaped  crystals  resembling  tliose 
of  dextrose,  and  forms  compounds  with  calcium,  strontium, 
barium  and  acetic  acid. 

Trehalose  occurs  in  some  fungi,  as  ergot  and  Agaricus  mimj- 
carins — the  latter  containing  as  much  as  10  per  cent,  in  the  dried 
plant. 

Mannitol  occurs  in  the  form  of  needles  or  prisms  and  is  found 
in  the  manna  erf  Fraxinus  onius  to  the  extent  of  90  per  cent.  It 
is  also  found  in  some  of  the  Umbellifer^,  as  Apium  s^avcolens. 
some  of  the  Kungi  and  seaweeds,  and  is  rather  widely  distributefl. 

Dulcitol,  which  is  closely  related  to  mannitol.  is  found  in 
Enonymus  eurofucus  and  in  most  of  the  plants  of  the  Scroph- 
ulariace<e. 

Gcntianose  occurs  in  the  root  of  Gcntiano  lutea. 

The  alkaloids  prohahly  arise  in  the  protoplasm.  Later 
they  appear  in  the  ccll-sap  in  combination  with  various  plant 
acids,  as  malic,  tannic  and  others,  and  may  be  precipitated  by 
the  so-called  alkaloidal  reagents.  They  occur  in  greatest  amount 
in  those  cells  which  are  in  a  potential,  rather  than  an  active  con- 
dition, being  associated  with  starch,  fixed  oils,  aletirone  grains, 
and  other  reserve  products,  in  the  roots,  rhizomes  and  seeds. 
They  are  found  in  fruits  in  greatest  amount  during  the  develop- 
ment of  the  seed,  but  after  the  maturing  of  the  latter  they  slowly 
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disappear,  as  iii  poppy  and  conium.  The  occurrence  of  alkaloids 
in  ihc  walls  of  the  cells  of  certain  plants,  as  in  nux  vomica,  is 
probably  due  to  tlieir  imbibition  by  the  wall  as  a  result  of  patho- 
logical changes  in  the  cell  (p.  437). 

Many  of  the  alkaloids  which  have  been  isolated  by  chemical 
means  are  in  the  nature  of  decomposition  products  of  those  nat- 
urally occurring  in  the  plant,  as  certain  of  the  alkaloids  of  tobacco, 
tea,  coffee,  cinchona,  opium,  etc.  The  alkaloids  are  of  more  fre- 
quent occurrence  in  the  dicotyledons  than  in  the  monocotyledons, 
and  are  rather  characteristic  for  certain  groups,  as  those  of  the 
genera  Strychnos.  Cinchona.  Erylhroxylon,  Papaver.  etc. 

While  the  microchemical  study  of  the  alkaloids  requires 
considerable  technic,  still,  in  certain  drugs,  their  detection 
is  quite  simple,  as  in  nux  vomica,  strophanthus  and  hydrastis 
(Fig.  292). 

The  glucosides,  like  the  alkaloids,  are  also  probably  foniied 
in  the  protoplasm.  They  are  compounds  of  glucose  and  other 
principles  and  may  be  classed  as  reserve  products.  In  some 
instances  they  readily  se|>arate  out  in  the  plant  cell,  as  hesperidin ; 
while  others  give  characteristic  color-reactions,  as  crocin.  salicin 
and  coiiiferin.  but  in  most  instances  they  are  with  difficulty 
detected  by  microchemical  means. 

Gluco-alkaloids  represent  a  class  of  compounds  intermedi- 
ate between  the  alkaloids  and  glucosides.  possessing  characteristics 
of  each.  To  this  cTass  belongs  achilleine,  found  in  various  si>ecies 
nf  Achillea,  and  also  solanine,  found  in  a  number  of  species  of 
Solanum.    (See  pages  373-375.) 

Cell-sap  Colors. — The  majority  of  the  other  color-sub- 
stances found  in  the  higher  plants  besides  the  green  and  yellow 
principles  previously  mentioned  occur  in  solution  in  the  cell-sap, 
and  may  be  in  the  nature  of  secondary  substances  derived  from 
the  plastid  pigments,  or  they  may  be  produced  directly  by  the 
protoplasm.  U(jon  making  sections  of  the  tissues  containing  cell- 
sap  color-substances,  not  infrequently  strikingly  contrasting  col- 
ors are  observed  in  cnntignons  cells;  as  In  the  petals  of  the  poppy 
and  petals  of  certain  lilies,  where  wc  find  some  cells  of  a  deep 
purple  color,  others  of  a  deep  red  and  still  others  of  intermediate 
shades. 
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These  substances  are  easily  extracted  with  water  or  dilute 
alcohol  and  are  all  more  or  less  affected  by  certain  chemicals 
(many  of  which  occur  naturally  in  the  plant),  such  as  citric  acid, 
oxalic  acid,  salts  of  calcium,  iron,  aluminum,  etc. 

A  number  of  plant  pigments  of  this  class  are  used  as  indi- 
cators in  volumetric  chemical  analysis,  their  use  in  this  connection 
being  dependent  upon  their  sensitiveness  10  acids  and  alkalies. 
Tlie  fact  that  they  respond  to  iron  salts,  that  is,  give  a  blue  ur 
green  read  ion  with  these  salts,  would  indicate  that  they  are 
associate*!  with  tannin  or  tliat  they  are  taimin-Hke  compounds,  as 
lias  been  supposed  by  some  writers,  but  they  behave  very  differ- 
ently from  tannin  toward  other  reagents,  such  as  organic  acids. 
alkalies,  lime  water  and  solution  of  alum. 

An  examination  of  the  color-substances  of  a  large  number  of 
plants  shows  that  the  flower  color-substances  are  distributed  in 
all  parts  of  the  plant.  I'or  example,  the  flower  color-substance  of 
the  rose  occurs  in  the  leaves  and  prickles  as  well  as  in  the  petals. 

The  color-substance  in  the  root  of  the  radish  closely  corre- 
sponds to  that  in  the  flowers,  while  the  one  in  the  grains  of  black 
Mexican  com  corresponds  to  that  in  com  silk. 

The  cell-sap  color-suhstances  are  usually  found  in  ^eatest 
amount  at  the  tips  of  the  branches,  this  being  well  marked  in  the 
foliage  of  the  rose,  and  may  be  said  to  be  rather  characteristic 
of  spring  foliage.  Not  infrequently  in  the  purple  heech  the  young 
leaves  will  be  of  a  distinct  purplish-retl  color  and  almost  entirely 
free  from  chlorophyll,  suggesting  a  correspondence  in  position 
and  color  to  a  flower. 

Color  in  Autumn  Leaves. — The  coloring  matters  in  both 
spring  and  autumn  leaves  closely  resemble  the  cell-sap  color- 
substances  of  flowers,  although  it  is  the  spring  leaves  which  give 
the  n)ost  satisfactory  results  when  examined.  The  fact  that  in 
the  autumn  leaves  there  is  little  or  none  of  the  plastid  pigment 
jiresent  would  point  to  the  conchi'^inn  that  the  color- subst;mces 
occurring  in  these  leaves  are  in  the  nature  of  by-pnxhicts  and  of 
no  further  use  to  the  plant.  Of  course  in  the  case  of  autumn 
leaves  we  know  that  these  products  cannot  be  further  utilised 
by  the  plant,  and  for  this  reason  we  are  justified  in  regarding 
them  as  waste  products. 


I70 


BOTANY  AND  PHARAfACOGNOSY. 


So-called  White  Colors. — The  so-called  white  colors  in 
plants  do  nut  pruperl)  Ixlong  to  either  class,  but  may  be  said  to 
be  appearances  due  rather  to  the  absence  of  color,  and  dcpenfiing 
u|X)n  the  reflection  of  h'ght  from  transparent  cells  separated  by 
relatively  large  intercellular  spaces  cotUaiiiing  air.  In  uther  words 
the  effect  produced  by  these  cells  may  be  likened  tu  that  pro- 
duced by  the  globules  in  an  emulsion.  The  while  ap|>earaiicc  is 
most  pronounced  in  the  pith  cells  of  certain  stems,  where  on 
the  death  of  the  cells  the  size  of  the  intercellular  spaces  is  in- 
creased and  the  colorless  bodies  in  the  cells  as  well  as  the  walls 
reflect  the  light  like  snow  crystals. 

Calcium  oxalate  is  found  in  many  of  the  higher  plants,  and 
in  the  alga?  and  fungi  as  well ;  white  in  the  mosses,  fcnis,  grasses 
and  sedges  it  is  seldom  found.  It  occurs  in  plants  in  crystals  of 
either  the  monoclinic  or  tetragonal  system  (Figs.  281.  282).  The 
crystals  dissolve  in  any  of  the  mineral  acids  without  effervescence 
an<l  their  identity  is  usually  confirmetl  by  the  use  of  dilute  hydro- 
cldoric  acid.  The  crystals  of  the  monoclinic  system  are  ratlur 
widely  distributed,  while  those  of  the  tetragonal  system  are  less 
frequent  in  their  occurrence,  being  found  in  species  of  Allium. 
Tradcscantia  and  Begonia,  in  Pauhwnia  impcrialis  and  in  the 
Cactaceae.  The  crystals  belonging  to  the  monoclinic  system  in- 
clude a  number  of  forms,  as  follows :  ( I )  Rosette  aggregates,  or 
what  are  commonly  temied  rosette -shaped  crystals;  (2)  prisms, 
pyramids  and  elongated  or  irregular  hexagonal-shaped  crystals : 
(3)  crystal-fillers :  (4)  raphides ;  ( 5 )  cryptocryslalline  crystals 
and  (6)  membrane  crystal.";. 

Rosette  aggregates  of  calcium  oxalate  consist  of  numerous 
small  prisms  and  pyramids,  or  hemihedral  crystals  more  or  less 
regidarly  arranged  arounil  a  central  axis,  and  have  the  appear- 
ance of  a  rosette  or  star  (Fig.  281,  A).  The  development  of 
these  aggregates  may  be  readily  obsen'ed  in  the  stem  of  Datura 
stramonium.  Crystals  of  this  class  are  more  widely  distrihutetl 
than  any  of  the  others,  and  are  foimd  in  a  number  of  drugs. 
(See  chapter  on  Powdered  Drugs. ) 

MonocUmc  prisms  and  pyramids  are  also  widely  distrib- 
uted and  arc  frecpicntly  so  modified  in  form  that  they  are  of  an 
elongated  or  irregular  hexagonal  shape  (Fig.  281,  C,  £).    The 


JIORPHOLOGV  or  HIGHER  PLANTS. 


171 


crystals  of  this  group  arc  sometimes  mistaken  for  silica,  owing  to 
the  fact  that  in  some  instances  the  lumen  of  the  cell  is  completely 
filled  b>  the  crystal,  and  the  inner  wall  having  the  contour  of  the 
crystal,  it  is  impossible  to  delennine  whether  the  crystal  is  af- 
fected by  (he  use  of  hydrochloric  acid.  It  sliould  be  stated  in 
this  connection  that  silica  never  occurs  as  a  ccll-conlcnt  in  sharp, 
angular  crystals,  hut  either  in  more  or  less  ellipsoidal  ar  irregular 
hollow  masses,  or  in  somewhat  solid,  irregularly  branching 
masses. 

Crystal  Fibers. — In  quite  a  number  of  drugs  a  single  mono- 
clinic  prism  occurs  in  each  of  the  parenchyma  cells  adjoining 
the  sclercnchymatous  fibers,  and  to  this  single  longitudinal  ruw 
of  sui>erim]x>sed  cells  the  name  crystal  fil)er  has  been  applied 
(Fig.  282.  5). 

Raphides  are  groups  of  needle-shaped  crystals  which  are 
found  in  various  plants  (Fig.  281,  B ).  These  have  been  mistaken 
by  several  observers  for  calcium  phosphate.  Calcium  phosphate, 
however,  occurs  in  plants  either  in  solution  or  in  combination 
\vith  protein  substance.  The  cells  containing  raphides  are  long, 
thin-walled  and  contain  sooner  or  later  a  mucilage,  which  arises 
from  ihe  cell-sap  and  behaves  with  reagents  much  like  cherry- 
gum.  The  cells  are  either  isolated  or  occur  in  groups  placed 
end  to  end.  as  in  I'eraSrum  r'iride. 

Cryptocrystalline  crystals  are  exceedingly  small  (about  0.2 
to  10  /i  in  diameter),  tleltoid  or  arniw-shaped.  and  so  mtmcruus 
35  10  entirely  fill  the  parenchyma  cells  in  which  they  occur,  giving 
the  cells  a  grayish-black  appearance  which  readily  distinguishes 
them  from  other  plant  cells  (Fig.  281.  D).  It  has  been  supposed 
that  they  are  tetrahedrons,  but  they  are  probably  hemiheilral  forms 
of  monoclinic  crystals,  inasmuch  as  monoclinic  prisma  occur  in 
neighboring  cells  in  the  same  plant  or  drug,  as  in  stramonium, 
quassia,  etc. 

Membrane  Crystals. — There  are  several  forms  of  crystals 
which  may  l>e  includcti  in  this  group.  The  so-called  Rosanoff 
crystals  consist  of  rosette  aggregates  attached  to  inward-protrud- 
ing walls  of  the  plant  cell.  These,  however,  do  not  concern  us  so 
much  as  the  large  mr>noclinic  crystals  which  have  a  membrane 
surrounding  them.    The  crystal  first  appears  in  the  cell-sap  and 
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then  numerous  oil  globules  appear  in  the  protoplasm  aroumi  it; 
later  so:ne  of  the  walls  oi  the  cell  thicken  and  grow  around  the 
crystal,  which  ihcy  finally  completely  envelup,  as  in   Moracex. 


PLANT  PROTEINS. 

Tlic  proteins  are  nitrogenous  compoun<ls.  most  ni  which  con- 
lain  sulphur  and  some  oi  which  coniain  phosphorus.  Tlwir 
constitution  or  the  molecular  structure  of  their  molecule-s  has  not 
been  determined,  hut  they  arc  very  large, and  arc  built  up  of  amino- 
acid.s.  the  simi)lest  of  which  is  glycocoll  ( amino-acetic  acid  I. 

Apart  from  the  protoplasm  found  in  living  cells,  the  pro- 
portion of  proteins  in  plants  is  relatively  small,  excejrt  in  see<U. 
where  they  serve  as  nutriment  during  ihc  germinating  |xrriod. 
being  made  available  by  the  action  of  proteolytic  enzymes. 
Most  of  the  ]>lant  proteins  are  iimurLiNs.  and  collectively  have 
been  termed  i)hyto-globulins.  (i)  The  gldbulins  are  insoluble 
in  f>iire  water  and  in  dilute  acids,  but  are  soluble  in  dilute 
solutinns  of  sodium  chloride  (  i  to  20  per  cent.),  ammonium 
chloride,  sodium  sulphate  and  dilute  solution  of  potassium  hydrate, 
from  which  solutions  they  may  be  precipitated  b>-  dilution, 
dialysis,  or  aci(li6cation  with  CO,  or  dilute  acids,  or  by  "  salting 
o\it  "  by  the  use  of  strong  or  saturate<l  solutions  of  ammonium 
sitlphate.  magnesium  sulphate  or  sodium  chloride.  (2)  The 
proteins  which  contain  phosphorus  are  sometimes  calUvl  phyto- 
vitellins.  as  Icgumin  in  peas,  which  contains  0.35  per  cent,  of 
phosphorus.  A  third  class  of  plant  proteins,  which  are  alcohol- 
soluble,  arc  found  in  cereals,  as  the  gliadin  of  wheat  and  rye 
and  the  zein  of  maize.  The  cohesive  and  dougliing  properties 
of  wheat  flour  are  attributed  to  the  association  of  gliadin  and 
another  ])rotein  calle^l  glutenin. 

Some  of  the  plant  proteins  occur  naturally  in  the  crystalline 
form,  either  free  in  the  cytoplasm,  as  in  the  potato  tuber  ( Fig.  97, 
.'O.  f»r  as  components  of  aleuronc  grains,  as  in  the  seeds  of 
Ricifius  communis  and  Hrazil  nuts  (  Figs.  07.  D:  \22.  D).  Phyto- 
globulins  in  the  form  of  crystals  and  spheroids  have  been  ob- 
tained from  extracts  of  flax-seed,  hemp-seed.  Brazil-nut.  casinr- 
oil  seeds  and  others.  Protein  crystals  are.  accx>rding  to  W'ich- 
mann.  isomorphic,  and  probably  belong  to  the  hexagonal  system. 
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Aleuronc  gTAins  arc  made  up  of  protein-crystalloids,  gkibfoids 
and  a  jjriniiid  mass,  the  whole  being  enclosed  by  a  menibranc- 
like  material.  They  may  be  studied  by  taking  advantage 
of  the  ditTerencc  in  solubility  ol  the  substances  composing  thcni. 
The  niembrane  is  a  protoplasmic  membrane  and,  while  soluble 
in   water,  remains  intact  on  examining  sections  in  any  of  the 


m 


B 


'■'^- 


k-A. 


-'0 


M 


^ 


^sp 


0  O' 


Fig.  9;.  Protein  eryatalloids:  A.  nil  of  tub«r  of  whita  poUto  fSotansiM  tvbtrosum) 
■bowing  protein  cryitftUoiils  (It),  itarch  urunt  (at)  nudetu  (n>:  B,  aleurooc  (puns  of  the 
aecil  of  th«  cmitor-oil  (ilont  {Kictnus  comtnunis):  C.  aleurone  sralns  nf  fruit  of  fennel 
(FiniHD*/Nm  vutgaTt)  conUtnins  Urge  calcium  oxalnle  cry«lals  (Ca)  which  are  sttroaKlv 
polannnit  aa  Bhuwn  in  Ihc  taolated  urains.  D.  alearone  enUns  of  Bnuil  nut  {BtnktMtiia 
4WttUa).    E<  KlobotdH,  k.  protein  crystalladda. 

fixed  oils,  as  cotton-see<l  oil.  Usually  seeds  which  contain 
aleuronc  arc  rich  in  fixed  oils,  and  if  this  oil  is  first  removed 
by  placing  fresh  sections  in  alcohol,  or  alcohol  and  ether,  the 
subsequent  study  is  facilitated.  If  the  sections  thus  treated 
arc  mounted  in  water,  the  membrane  gradually  dissolves,  leaving 
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the  crystalloids,  globoids  and  calcium  oxalate.  On  adding  a 
O.I  to  I  per  cent,  solution  of  cither  sodium  or  potassium  liydrate, 
the  cry«alloids  dissolve,  the  globoids  and  calcium  oxalate  crystals 
remaining  nnaflfccted.  The  globoids  may  be  dissolved  by  the 
use  of  a  I  per  cent,  acetic  acid  solution,  or  concentrated  solu- 
tions of  aiumoniinn  sulpliate  or  niono]X3tassinni  phosphate.  The 
calcium  oxalate  remaining  may  then  l>e  treated  with  hydrochloric 
acid  in  the  usual  way. 

11.  A&IOKPHUUS  SUBST.\NCES. 

Cystoliths. — Occasionally  cells  art  found  among  the  paren- 
chyma or  in  the  inner  row  of  the  cpidennal  cells  on  the  upi>er  side 
of  the  leaf,  the  walls  of  which  form  an  inward  protrusion  into  the 
cell  and  become  impregnate<l  with  and  encrusted  by  calcium  car- 
bonate, giving  rise  to  more  or  less  stalked  bodies  known  as  cvsto- 
liths  (Kig.  221).  The  calciimt  carbonate  dissolves  on  the 
application  of  acetic  aci*l,  leaving  a  core  which  resfwnds  to  the 
tests  for  cellulose.  Cystoliths  are  not  of  coTumon  occurrence, 
being  found  with  but  few  exceptions  in  the  two  families  .\can- 
thaceae  and  Moraceae.  and  in  a  few  species  of  the  Cucurbitacese. 
In  the  leaves  of  the  cultivated  rubber  plant  the  cystoliths  have 
long  stalks,  whereas  in  cannabis  indica  (Fig.  ^79).  they  are 
sessile. 

Tannin  and  Tannoids. — Tannins  are  astringent  principle^ 
which  beking  to  the  class  of  phenol  acids  and  give  blue  or  green 
precipitates  with  iron  salts.  The  tannoids,  in  addition,  precipitate 
albuminous  compounds,  and  when  applied  to  animal  hides  con- 
vert them  into  leather.  These  principles  arc  widely  distributed, 
occurring  dissolved  in  the  cell-sap,  in  parenchyma  cells  or 
in  distinct  reservoirs  or  vessels,  and  vary  in  amount  from 
I  per  cent,  or  less  to  as  high  as  70  per  rent,  in  Chinese  g;alls. 
Tannin  may  be  precipitated  in  the  plant  cells  by  copper  acetate. 

Mucilages  and  Gums. — Ry  the  terms  mucilages  and  gums 
are  meant  those  substances  which  are  soluble  in  water,  or  swell 
very  perceptibly  in  it,  and  which,  upon  the  addition  of  alcohol, 
are  precipitated  in  the  form  of  a  more  or  less  amorphous  or  gran- 
ular mass.  Mucilage  originates  in  the  plant  as  a  cell-content,  or 
as  a  moflification  of  the  wall.     In  the  former  case  it  arises  as  a 
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product  of  the  protoplasm,  or  it  may  be  a  disorganization  product 
of  some  of  the  carbohydrates  of  the  cell-contents.  Wlien  it  arises 
through  modification  of  the  wall  it  Is  spoken  of  as  "  membrane 
nnuilage "  (Fig.  99).  and  owes  its  origin  to  several  causes: 
either  to  a  secondary  thickening  of  or  an  addition  to  the  cell  wall, 
or  a  metamorphosis  of  it,  at  least  in  part.    In  the  latter  case  it 
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Pki.  9ft.  Ccll-CDateot  mucUage  in  nib-Gpidamal  ccH*  of  Vteta  tricolor:  A,  ntrfftce 
vi*«  of  portion  of  petal,  the  cells  frtihout  marking  iMring  above  tlw  mucila|Eo<«]U;  B, 
trftoivme  Mction  of  leaf  showing  epidermal  «el]  and  Stib-epid«fTRal  mucilase-cell  beneath 
H:  C,  surface  view  of  a  lub-epidcmiaJ  mucilaj)e-««II. 

may  arise  cither  as  a  disorganization  product  of  the  primary  wall, 
or  of  the  subsequent  lamellfe  making  up  the  walls  of  the  cells  of 
the  pith,  medullary  rays,  parenchyma  and  other  tissues,  as  in 
AitragaUts  gmnmifcr  (Fig.  274),  or  it  may  arise  as  an  inter- 
cellular substance. 

The  following  is  a  classification  of  some  plants,  based  upon  the 
origin  of  the  mucilage  which  they  contain : 
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B.  Ccll-mcmbrane  Mucilage,  a.  Secondary  thickening  of 
wall:  Root  of  Altha-a  officinalis:  bark  of  Cinnaniomum  sp. ;  bark 
of  Rhamnus  frangula;  bark  of  root  of  Sassafras  officinale; 
inner  bark  of  Vlmus  fuhxi:  leaves  of  Barosma  bciulina.  and  B, 
cratulata:  seed-coat  of  Cydonia  vulgaris;  seed-coat  of  Linum  usi- 
tatissimtim:  seed-coat  of  Siita/>is  alba,  an<l  Brassica  nigra, 
b.  Metamorphosis  of  Cell  wall:  i.  Pith  and  mcduIIary-ray  cells: 
Astragalus  sp.,  yielding  iragacanth.  2.  Parenchyma  cells  of 
wood  and  bark :  cherry  gum.  yielded  by  some  of  the  Amygdal- 
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Pre.  100.  A.  B,C.iuccecnT«tttAgMin  the  development  of  the  mucilage  hairs  or  gUndi 
on  I  be  lobes  of  the  leaves  of  l'tW<i  tricolor:  D,  youn^  secretion  hair  showing  K>rae  of  the  celts 
with  lane  nuclei  and  tevenl  vacuoles;  B,  mature  hair;  V.  Kland  nhowinR  mucilafinouB  layer 
beneath  llie  culin  and  the  protnuioa  of  a  poriion  o{  the  cnucilaae  thruush  ihc  Vnikco  wall. 

aceje.  3.  Various  cells  of  the  bark;  Acacia  Senegal,  yielding  gum 
arabic.  4.  Primary  wall  as  intercellular  substance :  thallus  of 
Chondrus  crispus  ( Irish  moss).    (See  Figs.  99,  100.  274.) 

C  Glandular  Hairs  (Driizenzotten)  :  Leaf  and  cah  x  of  Viola 
tricolor  (Fig.  lOo)  and  leaves  of  Coffca  arabica  (coffee)  and  of 
Prwius  atnum. 

The  origin  of  mucilage  may  be  satisfactorily  studied  in  the 
fresh  tuber  of  salep  and  in  the  root  of  altli.^a — in  the  former  as 
a  cell-content  mucilage,  and  in  the  latter  as  a  celNwall  mucilag^. 

ta 
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The  mucilages  arc  further  distinguisheU  by  ihcir  behavior 
toward  reagents ;  those  which  are  colored  bhic  by  dilor-zinc- 
iodide,  and  are  soluble  in  ainmoniacal  sohition  of  cupric  oxide, 
are  known  as  cellulose  mucilages.  To  this  class  belong  the  mu- 
cilages of  the  tuber  of  salep  and  the  scetls  of  cydonium.  Most  of 
ihe  other  mucilages,  particularly  the  pcctosc-mucilages,  are  col- 
ored by  alcoholic  and  glycerin  solutions  of  the  basic  aniline  dyes. 

ilucilage  which  occurs  in  cells  containing  raphides  is  stained 
by  corallin.  which  is  not  usually  the  case  with  the  other  mucilages. 

Oils,  resins  and  their  associated  products,  like  the  mucil- 
ages and  tannins,  are  formed  in  the  plant  either  as  a  result  of  the 
activities  of  the  protoplasm,  or  by  reason  of  abnonnal  or  patho- 
logical changes  in  sonic  of  the  constituents  of  the  cell.  The  oils 
may  be  divided  into  two  principal  classes,  namely,  the  reserve  or 
fixed  oils,  winch  are  more  or  less  intimately  associated  with  thr 
protoplasm  in  fruits  and  seeds ;  and  the  volatile  oils  which  occur 
iu  special  secretion  cells  or  special  canals.  The  former  are  large 
parenchyma  cells,  the  walls  of  which  are  not  infrctiucntly  suber- 
ized,  and  arc  found  in  rhizomes,  as  of  calamus  (Fig.  loi.  B)  and 
ginger :  in  barks,  as  sassafras  (Fig.  236)  and  cascarilla  :  in  fruits. 
as  capsicum,  cubeba  (Fig.  250).  piper  and  cardamonium.  (^il 
secretion  canals  are  cavities  formed  either  as  a  result  of  the  en- 
largement nf  the  intercellular  spaces,  due  to  the  separation  of  the 
cells,  or  as  a  result  of  the  disintegration  of  a  number  of  cells.  The 
former  arc  spoken  of  as  being  scilizocE.sors  in  origin,  and  the 
latter  as  lvsigenous.  These  terms  are  also  used  to  designate  simi- 
lar reservoirs  holding  mucilage,  guni-resins  and  other  products. 
The  schizogenous  reservoirs  are  of  more  common  occurrence,  and 
arc  found  in  inula,  arnica  rhizome.  can.ophyllus  and  the  umbel- 
liferous fniiis  (Figs.  244-248)  and  various  leaves,  as  eucalyptus 
and  pilocarjms  (  Fig.  257).  The  volatile  oils  are  characteristic  of 
some  of  the  largest  families  of  plants,  as  the  Composite.  Lahiat.-e, 
Rutace^e  and  Umbelliferse. 

The  oils.  iKilh  fixed  and  volatile,  are  insoluble,  or  nearly  so. 
in  water;  but  are  soluble  in  ether,  carbon  disulphide,  ehlorofonn, 
benzin,  benzol  and  acetone.  Most  of  the  volatile  oils  and  a  few 
of  the  fixed  oils  are  more  or  less  s^iluble  in  alcohol.  They  are  C(il- 
ored  brownish  or  brown ish-I>lack  with  osmic  acid.    The  volatile 
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oils  are  stained  red  by  alcuhulic  solutions  of  atkanct,  and  some  of 
them  by  certain  of  the  aniHne  d^es,  as  fuchsin.  The  distinctive 
test  for  the  resins  is  that  when  treated  with  concentrated  aqueous 
solutions  of  copper  acetate  they  acquire  a  p-eeti  color.  They  are 
likewise  staineii  by  many  of  the  aniline  dyes.  Ihe  reserve  or  fixed 
oils  are  liberated  as  oily  globules  on  treatment  of  sections  with 
sulphuric  acid  or  concentrated  chloral  solution. 

The  volatile  oils  arc  not  infrequently  associated  with  other 
substances  of  the  plant  cell  in  varying  proportions,  as  resins,  gums, 
cinnaniic  and  benzoic  acids.  Tliose  products  which  consist  chiefly 
of  oil  and  resin  are  known  as  oleo-hksins,  and  include  turiaenline 
and  copaiba ;  those  consisting  chiefly  of  gum  and  resin  and  ctm- 
talning  but  little  volatile  oil,  are  known  as  r.UM-Ki>;iNs.  and  in- 
clude ammoniac,  asafetida.  galbanmn  and  myrrh ;  oleo-resins  asso- 
ciated with  aromatic  acids  are  known  as  baus.\ms,  as  lialsam  of 
tolii.  hakam  of  Peru,  storax  and  benzoin,  which  latter  is  usually 
called  a  balsamic  resin. 

Tlie  enzymes  or  fennenis  are  probably  derived  from  proteins, 
and  bring  alxiut  certain  ilecompo-sitkins  in  tlie  food  substances 
in  plants  previous  to  their  assimilation,  and  are  of  quite  gen- 
eral distribution  in  both  lower  and  higher  plants.  They  have 
received  different  names  according  to  the  class  of  substances 
which  they  decompose.  Thus,  ihusc  acting  upon  starch  in  chang- 
ing it  to  sugar  are  known  as  diast.asks.  Those  which  change  cane 
sugar  into  dextrose  are  kiiown  as  iNvr.uTASES  {or  invertins), 
while  those  which  act  on  proteJds  are  called  I'Koteolvtic. 

One  of  the  interesting  projjerties  of  the  ferments  is  that  in 
con>parison  with  the  amount  of  ferment  employe<l  the  pnxluct 
formed  through  its  intluence  is  very  large.  Thus  it  is  stated  that 
diastase  is  able  to  hydrolize  lo.ooo  times  its  own  bulk  of  starch. 
Results  of  this  kind  are  considered  tf>  Iw  due  to  a  catalytic  action 
of  the  ferments,  i.e..  tlieir  jxiwer  of  inducing  chemical  reactions 
by  their  mere  presence  without  themselves  entering  into  ilie 
products  fonned.  The  ferments  reciuirc  specific  temperatures  for 
their  action,  as,  for  example,  emulsin  or  sinaptasc,  which  decom- 
poses a  number  of  the  glucosides  at  a  temperature  of  35°  to  40* 
C  while  diastase,  the  ferment  of  germinating  seeds,  requires  a 
somewhat  higher  temperature,  namely,  50°  to  70"  C. 
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Wliile  some  of  the  vegetable  fcnncnls  have  been  isolated  and 
are  prepared  on  a  commercial  scale,  as  diastase  and  the  peptic 
enzyme  papain  found  in  the  latex  of  Carica  papaya,  in  other 
cases  the  fe mi ent- producing  orgaiiisms  themselves  are  useil  in  a 
number  of  industries  involving  fermentation  processes,  as  the 
yeast-plants  and  certain  of  the  molds  and  hacleria. 

The  inicrochemical  study  of  the  ferments  is  attende<l  with  cer- 
tain difficulty  on  account  of  the  lack  of  specific  reagents  for  their 
detection.  Tlic  most  that  can  In.*  ilone  is  to  study  the  ])roducts 
formed  by  their  action  upon  certain  other  constituents  of  the  cell. 

Enzymes  may  be  divided  into  twn  classes  according  to 
whether  they  introduce  oxygen  or  the  elements  of  water  sub- 
stances. ( I }  The  former  are  called  oxidase  enzymes,  and  are 
rather  limited  in  number,  and  include  laccasc.  found  in  the  lacquer 
trees,  and  ihose  which  produce  nitric  fermentation  in  nature. 
(2)  The  latter  or  liydrolytic  enzymes  inchidc  diastase,  which  acts 
on  starch,  changing  it  into  dextrose;  tnulase.  which  acts  on  inu- 
lin,  producing  Icvulose :  pectasc.  acting  on  pectin,  producing  vege- 
table jellies;  emulsin  or  sinaptase.  which  decomposes  amygdalin. 
arbutin,  salicin  and  other  glucosidcs:  myrosin,  which  acts  on  the 
gUicosidc  sinigrin  (potassium  myronate),  producing  the  essen- 
tial oil  of  mustard,  and  papain  the  proteolytic  enzyme  of  Carica 
papaya. 

EXAMINATION  OF  CELL-CONTENTS. 


NOR-moTOrLAunc. 

OyMalllBc. 

Crruallokbil 

AaMtpbeoa. 

1  l.'ytopJum 
t  Nucleus 
3  Plaslidi 

4  Oalctnir  Oxalate 

5  Sugars 

6  Alkaloids 

7  Starch 
S   Inultn 
9  I'Toteio  Crystal- 

loida 

10  Mucilatjc 

11  Tannin 

12  Kesin 
ij  Oil 

1.  2  and  5  have  characteristic  appearance  (sec  Frontispiece). 
4.  Crystals  of  characteristic  shape,  soluble  in  hydrochloric  and 
insoluble  in  acetic  acid.  5.  Crystalline  in  fresh  material  treated 
with  alcohol.  The  glucoses  give  a  reddish  precipitate  with  Fchl- 
ing's  solution.  6.  Concentrated  sulphuric  acid  gives  either  a 
distinct  color  reaction,  as  with  strophanthiis  (p.  431),  or  the  scp- 
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aration  of  crystals,  as  in  hydrasiis  (Fig.  292).  7.  Blue  with  dilute 
iodine  solution,  excqjt  the  dextrin  starches,  as  in  mace,  which  arc 
colored  red.  8.  Sphere-crystalloids  in  fresh  material  treated 
with  alcohol,  y.  (See  page  172.)  10.  Colored  blue  with  alco- 
hohc  solutions  of  methylene  hhie.  11.  Reddish-brown  with  cop- 
per acetate  soluti*)ns.  12.  Green  with  copper  acetate  solutions. 
13.  Sqraration  in  the  form  of  large  globules  <mi  the  application 
of  sulphuric  acid  or  solutinn  of  chloral  hydrate.  The  es.'^ential 
oils  are  more  soluble  in  alcohol  than  the  fixed  oils,  which  are 
usually  only  completely  removed  from  the  cells  by  the  use  of 
ether  or  a  simitar  solvent. 


THE  CELL  WALL. 

Origin  and  Composition.— The  cell  wall  is  formed  by  the 
protoplasm,  and  varies  in  composition  at  different  stages  of  the 
growth  of  the  cell,  and  according  to  the  various  functions  it  has 
to  perform. 

In  order  to  thoroughly  understand  the  nature  and  composi- 
tion of  the  cell  wall,  it  is  necessary  to  study  the  origin  and  forma- 
tion of  new  cells.  Growth  of  the  plant  is  attended  not  only  by 
an  increase  in  the  size  of  the  cells,  but  by  the  division  of  these 
new  cells  arc  also  fonricd.  Cells  that  have  the  property  to  divide- 
and  funn  new  cells  are  knowi]  as  lueristematic  cells  and  constitute 
the  MERiSTKM.  The  new  and  dividing  walls  resulting  from  the 
division  of  the  cells  consist  of  a  number  of  substances.  Whtn  a 
cell  diviilcs  the  two  daughter  protoplasts  which  result  from  tlie 
division  of  the  nucleus  and  cytoplasm  arc  separated  by  the  forma- 
tion of  a  new  wall  between  them  (Fig.  cjl;.  10).  The  first  layer 
formed  is  apparently  tlilTerent  from  the  subsequent  layers  and  is 
known  as  the  middle  plate  or  .middle  lamkixa.  This  layer  i» 
soluble  in,  or  readily  attacked  by,  solutions  of  the  alkalies  or  solu- 
tions containing  free  chlorine.  It  is  insoluble  in  sulphuric  acid, 
and  readily  stained  by  the  aniline  dyes.  White  usually  more  or 
less  permanent,  this  middle  plate  may  be  finally  absorbed,  as  in 
the  glandular  hairs  of  kamala,  or  it  may  be  changed  into  mucilage, 
as  in  chomlrus,  or  transformed  int<»  pectin  compounds,  as  in  fleshy 
roots  and  fruits. 
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To  this  mul<llc  plate  is  added  on  either  side  by  the  newly 
fnrmed  protoplasts  a  layer  of  sul>s(ance  closely  resemblinjj  cellu- 
lose, thj.s  constituting  the  i'himakv  mkmkkan'E  or  primary  lamella. 

Still  other  layers  may  be  added,  consisting  of  one  or  more  of 
the  following  substances:  cellulose,  or  some  iiiodification  of  it; 
wax.  silica  or  calcium  oxalate,  tliese  layers  constituting  what  may 
be  termed  the  SRCOxtiAKv  i.amki.la. 

Kinds  of  Walls. — Cellulose  in  its  various  modifications  con- 
stitutes the  greater  proportion  of  the  cell  wall.  Tlie  cellulose  mak- 
ing up  ihf  cotton  6ber  may  be  said  to  be  the  typical  cellulose,  and 
is  known  as  "cotton  cellulose."  It  is  soluble  in  copper  ammo- 
nium sulphate  solution  ;  is  colored  IjIuc  witli  chlor-zinc-iodide  solu- 
tion or  iodine  and  sulptuiric  acid,  and  is  stained  In  acid  phenolic 
dyes,  as  alizarin,  if  previously  treated  with  basic  mordants,  as 
basic  salts  of  aluminum,  etc. 

According  to  their  origin  in  the  plant«»or  their  behavior  toward 
reagents,  the  cellulose  walls  may  be  divided  into  the  following 
groui>s:  (M  Lignocellulose  walls;  (2)  protective  cellulose  walls; 
(3)  reserve  cellulose  walls;  (4)  mucilage  cellulose  walls,  and  (5) 
mineral  cellulose  walls. 

Ligtiocellulose  walls  are  composed  of  true  cellulose  and  a 
non-cellulose  (the  so-called  lignin  or  lignonel.  tliese  constituting 
the  woody  (so-called  lignified)  portion  of  plants  and,  in  some 
instances,  also  the  bast  portion  of  the  bark.  The  lignocelluloscs 
are  colored  yellow  with  chlor-zinc-ioditle.  or  iodine  and  snlpluiric 
acid.  On  account  of  their  containing  in  some  instances  furfurol. 
coniferin,  vanillin,  cinnamic  aklehytlc,  bcnzaldehyde  or  other  alde- 
hydic  substances,  they  give  definite  color- react  ions  with  certain 
reagents.  They  are  also  stained  by  the  aniline  dyes,  as  fuchsin. 
safranin.  gentian  violet,  aniline  blue,  methylene  blue.  etc. 

A  2  per  cent,  phloroglucin  solution,  used  in  conjunction  with 
hydrocliloric  acid,  gives  a  reddish- violet  color  with  the  lignoccllu- 
loses,  although  there  are  some  celluloses  of  this  class  which  do  not 
respond  to  this  test,  as  flax  (the  l>ast  filjers  of  FJnum) :  while  in 
other  plants  phloroglucin  may  occur  as  a  constituent  of  the  cells. 

Aniline  hydrochloride  with  hydrochloric  acid  and  aniline  sul- 
phate witli  sulphuric  aci<l  produce  a  golden-yellow  color  in  cell 
walls  containing  lignocellulose s. 
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Protective  cellulose  walls  arc  composed  of  mixtures  of  lig- 
nocellulose  and  oils  and  waxes,  and  frequent!)'  contain  in  addi- 
tion tannin,  vanillin  and  other  compounds.  In  the  cuticle  or  epi- 
dermis of  leaves  and  green  stems.  Uie  cellulose  is  associated  witli 
a  fatty  compound  known  as  culin  (or  cutosej,  while  in  the  cork 
of  stems  and  roots  it  is  combined  with  siiberin  (or  suberose). 
This  class  of  celluloses  is  distinKuishc<l  from  cotton  cellulose  and 
lignocellulose  by  being  insolublt  in  sulphuric  acid. 

Reserve  celltilose  walls  arc  those  found  in  various  seeds,  as 
in  coftcc.  date,  nux  vomica,  etc.  They  behave  toward  reagents 
much  like  the  true  celluloses  (Kig.  173). 

Mucilage  cellulose  walls  consist  of  cellulose  and  mucilage 
and  arc  found  in  all  parts  of  the  plant,  and  in  the  case  of  seeds 
are  associated  with  the  protective  celluloses.  They  dissolve  or 
swell  in  water,  are  colored  blue  or  yellowish  with  iodine,  and  arc 
stained  with  alcoholic  or  glycerin  solutions  of  methylene  blue. 

Mineral  cellulose  walls  are  composed  of  cellulose  and  vari- 
ous inorganic  substances,  as  silica,  calcium  oxalate  or  calcium 
carlxinate.  These  are  more  commonly  found  in  the  cell  wall  of 
the  lower  plants,  as  Algx.  Fungp  and  ErjuisetaceK.  Calcium  car- 
bonate also  occurs  in  the  cystoliths  of  the  various  genera  of  the 
Moraceae  and  Acanthacejc  (Fig.  221). 

From  what  has  just  been  said  of  the  chemical  composition  and 
structure  of  the  cell  wall,  it  is  seen  that  it  consists  of  lamellae  or 
layers  of  different  substantxs.  and  in  no  case  does  it  consist  of 
but  a  single  substance;  but  for  convenience  we  speak  of  a  wall  as 
consisting  of  cellulose.  lignin.  or  suberin.  meaning  thereby  that 
the  wall  gives  characteristic  reactions  for  these  substances. 

In  some  cells,  as  in  lignified  cells,  the  lamella:  are  quite  appar- 
ent, whereas  in  other  cases  the  use  of  reagents,  as  chromic  aci<l. 
or  chlor-zinc-io<lide,  is  necessary  to  bring  out  this  structure.  The 
layering  which  is  observe<l  in  transverse  sections  of  the  cell  wall 
is  spoken  of  as  stratification  of  the  wall,  whereas  the  layering 
observed  in  longitudinal  or  tangential  sections  is  referred  to  as 
striatton  of  the  wall  (Fig.  299.  H). 

Thickening  or  Marking  of  Walls. — In  the  formation  of 
the  cell  wall  each  eel!  appears  to  work  in  unison  with  its  neigh- 
bors for  the  building  up  of  the  plant.    The  thickening  of  the  walls 
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of  the  cell  is  primarily  for  the  purpose  of  strengthening  the  walls, 
hut  if  the  walls  were  uniformly  thickened,  osmosis,  or  the  trans- 
ferral  uf  cell-sap  from  one  cell  to  another,  would  be  himleretl. 
Thus  we  find  that  tlie  contiguous  walls  of  the  cells  are  thickened 
at  definite  places  opposite  each  other,  leaving  pores  or  canals 
which  permit  rapid  osmosis.  The  pores  thus  formed  are  known 
as  simple  pores,  and  when  seen  in  surface  view  are  somewhat 
elliptical  or  circular  in  outline,  and  may  be  mistaken  for  some  of 
the  cell -contents.  These  thickenings  assume  a  number  uf  forms, 
which  are  quite  characteristic  for  the  plants  in  which  they  are 
foimd.  They  may  have  the  form  of  transverse  or  oblique  rings, 
longitudinal  spirals,  or  be  ladder-like  or  reticidate  in  appearance 
( l"ig.  102 ).  In  other  instances  the  thickening  of  the  wall  is  quite 
complex,  as  in  the  wood  of  the  pines  and  other  Coniferae  (I'ig. 
103).  The  thickening,  or  sctilptnring,  as  it  is  sometimes  called, 
may  not  only  occur  on  the  inner  surface  of  the  wall,  when  it  is 
spoken  of  as  centkiprtal,  but  may  also  take  place  on  the  outer 
surface,  when  it  is  known  as  centrifi'gai, ;  as  examples  of  the 
latter,  may  he  mentioned  the  spores  of  lycopodium  (Kig.  278b) 
and  the  pollen  grains  of  the  Compositfe  (Fig.  280). 

FORMS  OK  CELLS. 

Upon  examining  sections  of  various  portions  of  the  plant,  it 
is  observed  that  not  only  do  the  ccU-contcnis  and  cell  wall  vary 
in  composition,  but  that  the  cells  are  of  diflFcrenl  forms,  depend- 
ing more  or  less  upon  their  functions.  Groups  of  cells  which 
arc  similar  in  form  and  function  constitute  the  various  tissues  of 
the  plant:  and  they  may  be  classified,  for  convenience  of  study, 
as  follows;  (i)  parenchyma  cells.  (2)  mechanical  cells.  (3) 
conducting  cells  and  (4)  protective  cells. 

Parenchyma. — l^nficr  the  head  of  parenchyma  are  included 
those  cells  which  arc  nearly  isodiamctric  anrt  thin-walled,  the  walls 
consisting  of  cellulose  lamcllre  (Fig.  tor.  A).  They  may  contain 
both  protoplasmic  and  non -protoplasmic  cell -con  tents.  Accord- 
ing to  the  function  and  nature  of  contents,  three  kinds  of  paren- 
chyma cells  are  recognized:  (a)  Cntj5R0PHVLi. -parenchyma  or 
assimilation  parenchyma  contains  numerous  chloroplaslids  and 
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occurs  in  leaves  and  all  green  parts  of  the  plant,  (b)  Reserve 
PARENCHYUA  uccLirs  in  seeds,  roots,  rhizomes,  etc.,  and  contains 
starch,  aleurone  grains,  fixed  oils  and  other  reserve  materials. 
The  parencli>-ma  in  stems  and  leaves  of  various  of  the  urcliids, 
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Pio.  loi.  Pi>rnu  of  celli.  A. — Trmnsvenc  section  of  the  pith  of  Tradacanlia  Wr> 
fbiiea;  I,  interceltulitr  ftpace;  W,  cell  wftll.  B. — Truuverae  Msotion  of  calamui  rhiKome 
fthowinR  a  Urac  oUsrcrclioa  cdl.  cotaUcr  c«lls  coataitunjt  starch,  and  lusc  iatetxrCul&r 
•p*oM  <T).  C^^TramvcTM  wction  of  the  Kcm  of  Phytelacea  tlKamJra  ibawing  collenchy- 
mitous  cells  hciieaih  ibr  rpjilimnis.  D. — Longitudtiwl  sectionaf  tMrasacum  root  «howins 
bncch«d  Latidlerouii  ttMuc  iL).  E. — Tmeutvene  lectioa  of  pj-rethnim  root:  R.  oU-Bocre* 
tion  TW4«^oir  with  oil  slobulra;  I,  celU  with  srhere-cryMsls  of  inulin.  such  a«  separate  in 
olcoboLic  matcritd:  L.  cells  ci>niatnmK  irrcvtilAr  m«BM9  of  inulin.  fts  found  in  dried  nutcriaL 
P. — I^onffitudinAl  Mction  of  Btcm  of  CHeurhtta  Ptpo:  S,  nevr-ccQ  wilh  pmtop]»Mn-liI(« 
rantcDts,  anil  Imuveree  walls  Iscve  plalesj  sliowias  simple  pons. 

as  well  as  that  of  plants  of  arid  regions,  which  store  water,  may 
be  included  in  this  group,  {c)  CosnucTiNr.  farenchvma  assists 
in  the  Iransferral  of  food  from  one  part  of  the  plant  to  another. 
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Besides  these  forms  of  parcnch>-nia  there  are  some  special 
kinds  which  may  be  meniioned.  as  the  somewhat  branching  cells 
in  leaves,  and  in  the  stems  of  various  marsh  plants,  as  in  species 
of  /uncus  and  I'ontcdcria.  In  calamus,  large  intercellular  spaces 
are  formed,  and  these  may  be  mistaken  for  the  cells  themselves 
(Fig.  loi,  B). 

Mechanical  cells  or  stereome  include  all  those  cells  which 
serve  to  keep  the  various  parts  of  the  plant  in  their  proper  posi- 
tions one  with  reference  to  the  other,  and  which  enable  it  to  witli- 
stand  undue  strain  and  pressure.  There  are  two  principal  forms 
of  mechanical  cells,  namely,  (a)  collenchyma  and  (b)  sdoren- 
chyma. 


•A 


Jt 


Pic.  iDj.  Pomu  o(  docU.  A. — Lioniiitadina]  Hction  of  <t«n  of  Cmoirhiia  P^po 
riwwiiiK  Tahous  (arms of  docU:  A.  mnnlar.  S.  apirsl;  D.  ibmbk  spind,  C,  ctose  umutkr, 
R.  micuUM.  B. — DucU  o(  glycrrrttiai  TUcome:  W,  waSH,  B,  burdcfcd  ports;  P.  oblique 
«iinpU  pov«k 

The  Collenchyma  cells  are  long  cells  (occasionally  z  mm. 
long)  which  are  thickened  at  the  angles  (Fig.  lot.  C).  The 
walls  consist  of  cellulose,  or  a  modification  of  it.  known  as  collen- 
chym,  and  have  a  silvery  or  gra_\ish-blue  luster.  Besides  proto- 
plasm these  cells  occasionally  contain  starch.  They  are  found  di- 
rectly beneatii  the  cjjidcrmts  of  herbaceous  stems,  petioles,  and  the 
mid-rib  of  varitms  leaves,  and  are  particularly  noticeable  at  the 
angles  of  all  stems  that  are  ribbed  or  angled  in  transverse  section. 

Sclerenchyma  cells  include  all  of  those  cells  which  have 
more  or  Ics*.  imifortnly  thickened  walls  composed  of  lignot-cUu- 
lo5c  and  permeated  by  simple  or  branching  pores.  They  have  a 
Ihin  layer  of  protoplasm  and  relatively  large  vacuoles,  which  con- 
tain tannin  or  tannin-like  mas!>es,  and  occasionally  calcium  oxal- 
ate crystals  or  starch,  and  in  dead  cells  the  lumen  or  cell-cavitv 
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contains  air.  Two  kinds  of  sclerenchynia  are  recognized :  one  in 
which  the  cells  are  more  or  less  isodiametric,  known  as  stone 
(.Ki.t.s  (short  sclerenchynia )  (Figs.  301  and  302);  and  another 
in  which  the  cells  are  elongated,  being  from  0.5  to  2  mm.  long,  as  a 
rtile.  and  known  as  sclerenxhyma  fibers  (or  long  scleren- 
chyma  )  (  Figs.  104,  2i/>,  300).  Of  these  latter,  two  kinds  are  dis- 
tinguished, chiefly  according  to  their  |x>sition  in  the  plant,  namely. 
bast  tibcrs  and  wood  fibers  (or  libriform).    Seldom  are  the  wood 


Ph..  »oj.  IkirJcrecI  pore*  of  the  imchel^s  o(  the  wood  of  Al»tt  <^ba  u  viewed  In 
lunni  lull  inn)  •eclUni:  m,  middle  lam«lb:  v,  i.  middle  and  inner  Uycn  nf  iralU  of  conCiou- 
Qu»  ccIU :  C.  |M>ro-ciuuU  throush  vrhich  tap  p&sscn  from  one  cell  to  another;  L.  dotnv- 
MbKpml  cavity  of  [xire;  S,  Bcparatins  w*II  or  closing  nMnnbrttne  which  is  usually  thickenod 
in  the  mjil<lle  u>  nhuwn  at  t.  In  alder  cttUs  the  sepAratinK  membnno  li  broken  as  ihown 
fn  the  towcf  r*ore  in  fiffure  7.  At  the  ri«ht  in  figure  4  is  abowc  a  lurfnce  vievr  of  •  bordered 
pore,  the  dotted  Knes  indicating  ths  nlalioa  of  the  drcles  to  the  structure  of  the  pore. — 
After  VorI. 

and  bast  fibers  in  the  same  plant  unifonn  in  structure  and  compo- 
sition, as  in  glycyrrhiza  and  ahhaea.  On  tlie  odier  hand,  they  are 
with  difficulty  distinguished  in  monocotyledonous  roots,  and  the 
term  sckTL'ticli>matous  is  here  best  employed  to  include  both  kinds 
of  cells.  In  the  study  of  powdered  drugs  the  term  sclerenchy- 
niatous  fiber  may  be  eniploye<l  with  advantage  when  speaking  of 
wood  and  bast  fibers,  as  in  this  condition  they  arc  not  readily 
distinguishable. 
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Stontr  cells  arc  usually  polygonal,  or  more  or  less  irregular  in 
outline,  sunit-times  even  branching  (Figs.  301  and  302).  The 
walls  arc  distinctly  lanicllatctl,  and  they  give  the  characteristic 
reaction  for  lignocellulosc  wiili  phloroglucin  or  aniline  sulphate; 
occasionally,  however,  one  or  more  of  the  walls  remain  unthick- 
encd.     The  ix)rcs  are  elliptical  or  circular  on  surface  view. 

Bast  fibers  are  sclerenchyniatous  fibers  occurring  in  the 
bark  and  arc  usually  associated  with  sieve  cells.  They  may,  or 
may  not,  give  a  pronounccil  reaction  for  lignocelliilose  with  phlo- 
roglucin or  aniline  sulphate.  In  transverse  section  they  are  more 
or  less  round  or  iwlygonal,  depending  upon  whether  they  are  iso- 
lated or  in  groups.  They  vary  in  diameter  and  length,  and  also 
in  the  thickness  of  the  walls  (Figs.  104,  299.  300);  while  most 
bast  fibers  arc  between  i  and  2  mm.  in  length,  they  may  be  more 
than  200  mm.  in  length,  as  in  Boehmcria  nix  ca.  The  ends  may 
be  more  or  less  obtuse,  or  drawn  out  to  a  fine  point;  occasionally 
they  are  somewhat  branched.  The  pores  in  surface  view  are  iwr- 
row-elliptical  and  arc  arrange<l  according  to  a  left-handed  spiral. 
The  spiral  arrangement  of  the  component  elements  of  the  w-all 
is  supposed  to  give  strength  to  the  fibers,  and,  according  to 
Schwcndcncr,  they  will  sustain  a  weight  nearly  equivalent  to  that 
sustained  by  wrought-iron  and  steel. 

Bast  fibers  may  be  isolated  by  the  use  of  Schulze's  macerating 
fluid  (which  is  prepared  by  dissolving  a  few  crystals  of  potassium 
chlorate  in  nitric  acid)  and  moderately  heating  the  solution  con- 
taining tlie  material  either  on  a  slide  or  in  a  test  tube. 

Wood  fibers  arc  sclerenchyniatfjns  fibers  occurring  in  the 
wood  and  are  usually  associated  with  trachea:.  They  give  a  more 
or  less  distinct  reaction  for  lignocellulosc.  Tliey  occur  more 
frequently  than  bast  fibers  (gentian  l^eing  one  of  the  few  drugs 
in  which  they  are  wanting)  but  seldom  attain  the  length  of  the 
latter.  They  are  not  infrequently  branched  at  the  ends.  an<l 
besides  a  thin  protoplasmic  layer,  they  usually  have  no  other 
contents  than  water  and  air.  They  frequently  have  the  yellowish 
color,  characteristic  of  stone  cells,  and  also  exhibit  a  similar 
lamellatinn  and  refraction  of  the  wall  (Fig.  T04). 

Conducting^  cells  or  mestome  include  those  cells  which  arc 
chiefiv  concerned  in  the  transferral  of  either  crude  or  assimilable 
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assimilable  materials,  comprise  the  sieve  and  conducting  paren- 
chyma, althongh  there  are  other  elements  wliich  somelinics  assist 
these  two  groups  of  cells  in  tlie  work  of  conduction  (Kig.  104, 
T,  S\. 

The  trachcs  or  ducts  are  formed  by  the  disintegratiun  and 
removal  of  the  transverse  walls  between  certain  snpcrimp4)5ed 
cells,  forming  an  elongated  cell  or  tulie,  which  occasionally  retains 
some  of  the  transverse  walls  (Fig,  102,  A,  B).  The  longitudinal 
walls  are  relatively  thin  and  consist  of  lignocellulose.  gi^'ing  more 
or  less  pronounced  reactions  with  phloroglucin  or  anihne  sulphate. 

The  thickenings  of  the  longitudinal  walls  of  ducts  are  quite 
characteristic,  several  forms  being  distinguished:  Those  having 


Pio.  t«s.  I.  croM  Mction  of  ■  tMut  Hbcr  of  BcRonU  ks  vi«w«d  by  meuu  of  the  mieKt> 
polahKope.  1.  po1ari>copic  view  of  a  sphere-cryslAl  of  inuUn  in  Htlutnihns  tubarotiis. 
Ttw  crystals  arc  produced  by  aliowins  the  rooU  to  remain  lo  alcohol  for  some  months. — 
Alter  Dlppd. 

llie  thickenings  in  the  form  of  horizontal  or  oblique  rings  are 
known  as  annular  ducts :  those  having  the  thickenings  in  the 
form  of  spirals,  which  usually  run  from  right  to  left,  are  known 
as  SPIRAL  ducts;  those  having  the  thickenings  in  the  form  of  a 
reticulation  are  known  as  keticulated  ducts,  and  those  with 
horizontal,  discotmectcd  thickenings  which  occur  in  parallel  lines, 
resembling  a  flight  of  steps,  are  known  as  st:AL.\RiFORM  ducts. 
!n  those  ducts  in  which  but  few  of  the  transverse  walls  are 
obliterated,  the  walls  are  marked  by  both  simple  and  bordered 
pores,  which  latter  are  described  under  Iracheids.  Ducts  contain 
water,  water-vapor  and  air;  in  some  cases  they  contain  sugar, 
tannin,  mucilage  or  resin. 
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The  tracheids  are  iiiienneiJiute  in  character  between  ducts 
and  wood  fibers,  resembling  the  former  in  possessing  bordered 
]X)res  O'^S-  ^^i)  3nd  scalarifumi  thickenings;  and  the  latter  in 
being  true  cells,  which  are  usually  elongated  and  quite  ihick- 
walled,  the  walls  giving  distinct  reactions  for  lignoceUulosc  with 
phloroghicin  or  anilint  sulphate. 

One  of  the  chief  characteristics  of  tracheids  are  the  BokUKKia> 
itiRES  (Fig-  103)-  These  differ  from  simple  pores  in  that  the 
wall  surnmnding  the  pore  forms  a  dome-slmped  or  blister-like 
protrusion  into  the  cell.  On  surface  view  the  pores  arc  either 
circular  or  elliptical  in  outline,  the  dome  being  circular  or.  if  the 
pores  are  numerous  and  arrange*!  close  together,  more  or  less 
polygonal  (Fig.  to2. B). 

The  number  and  distribution  of  bordered  (XJres  in  the  Coni- 
fera?  are  quite  cliaracteristic  for  some  of  the  genera,  and  may  be 
studied  in  any  of  tlic  pines,  the  pores  being  most  numerous  in 
the  radial  walls. 

The  sieve  [sieve  tubes)  is  distinguished  from  the  other  con- 
ducting okmcnts  in  that  the  walls  arc  thin  and  arc  composed  of 
cellulose  (Fig.  loi,  F).  It  consists  of  superimposed  elongated 
cells,  the  transverse  walls  of  which  possess  numerous  pores  which 
are  supposed  to  be  in  the  nature  of  openings,  |>emiitling  of  the 
<lirect  passage  of  the  contents  from  one  cell  to  the  other.  This 
transverse  wall,  which  may  be  either  horizontal  or  oblique,  is 
known  as  the  sifae  1'I„\tic,  and  the  thin  places,  as  pores  of  the 
sieve.  The  sieve  plates  are  sometimes  also  formed  on  the  longi- 
luilinal  walls.  When  the  activities  of  plants  are  suspended  during 
the  winter,  there  is  formed  on  either  side  of  the  sieve  plates  a  layer 
of  a  colorless,  mucilaginous  substance,  known  as  callus,  which  has 
somewhat  the  appearance  of  collenchynia.  but  is  colored  brownish 
by  chlor-zinc-iodide. 

The  sieve  cells  contain  an  albuminous  substance  somewhat 
resembling  protoplasm ;  in  some  instances  starch  grains  have  also 
been  found. 

When  the  activities  of  the  sieve  tubes  have  ceased,  they  be- 
come altered  in  sha|^,  and  are  then  known  as  obliterated  sieve. 
In  the  drying  of  plants  a  similar  alteration  is  produced,  and  for 
this  reason  the  sieve  of  vegetable  drugs  is  of  this  character. 
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Protecting  cells  include  those  colls  which  arc  located  on  the 
outer  parts  of  the  plant.  The  function  of  these  cells  is  to  lessen 
the  rate  of  transpiration,  or  the  giving  off  of  water;  to  furnish 
protection  against  clianges  of  temperature,  and  to  protect  the 
inner  tissues  against  the  attack  of  insects;  lltey  also  have  a  me- 
chanical function  (Figs.  io6;  in,  H). 

Depending  principally  upon  their  comix>sition,  these  cells  may 
be  divided  itito  two  classes,  namely,  epidermal  cells  and  cork  cells. 

The  epidermal  cells  constitute  the  uuiermosl  layer  of  the 
plant.  They  contain  cytoplasm  but  ttie  plastids  in  some  instances 
are  wanting;  in  some  instances  they  also  contain  dissolved  color- 
ing principles ;  and  on  account  of  the  relatively  large  amount  of 
water  which  they  contain,  they  are  classed  among  the  impuriant 
water-reservoirs  of  the  plant. 

The  outer  walls  are  principally  characterized  by  one  or  more 
lamellx  of  cutin,  these  uniting  to  fonn  a  continuous  wall.  The 
cutin  is  often  associated  with  wax,  this  constituting  the  bloom  of 
fniits;  less  freciuently  such  inorganic  substances  as  calcium  car- 
bonate, calcium  oxalate  and  silica  are  present,  and  not  infrequently 
mucilage  is  present,  as  in  the  walls  of  certain  seeds  (  Fig.  (j/cj,  .-f ). 

On  surface  view  the  form  of  these  cells  varies  from  nearly 
isodiametric  to  oblong;  they  ma_\'  also  be  polygonal  or  l>ranchetL 
In  transverse  section  their  radial  diameter  is  much  the  shorter. 
In  some  instances  the  inner  and  side  walls  are  considerably  thick- 
ened, as  in  the  see<ls  of  a  number  of  the  Solanaceae  (  Fig.  302.  A). 

Tlie  epidermis  usually  consists  of  a  single  layer  of  cells,  but 
may  have  additional  layers  underneath  forming  the  irvromcBMis, 
as  in  the  upper  surface  of  the  leaves  of  species  of  Ficus;  in  sonic 
instances  the  hypodennts  undergoes  a  mucilage  modification,  as 
in  Ihe  leaves  of  buchu.     (Sec  also  Figs.  99,  /I:  100.) 

Plant  Hairs. — The  epidermal  cells  are  sometimes  specially 
modified  centrifugally.  giving  rise  to  papilld?,  to  which  the  velvety 
appearance  of  the  petals  of  flowers  is  due;  in  other  cases  this 
modification  is  in  the  fonn  of  hairs  or  trichomcs  (Figs,  iio, 
118,  283.  284).  These  may  be  unicellular  or  multicellular,  and  in 
addition  the  latter  may  be  glandular  or  non-glandular.  Glandular 
hairs  possess  a  head-like  apex,  consisting  of  one  or  more  cells, 
and  they  secrete  oil.  mucilage  and  other  substances  (Fig.  285). 
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tic,  and  when  the  cells  are  turgcscent,  as  when  there  is  an  abund- 
ance of  water  an<l  root  pressure  is  strongest,  the  contiguous 
walls  nf  the  guard  cells  recede  from  each  other,  forming  an  open- 
ing hetwecn  the  cells,  thus  permitting  the  exit  of  the  excess  of 
water  taken  up  by  the  plant  and  the  exhalation  of  the  oxygen 
given  off  during  assimilation,  as  well  as  the  intake  of  the  carbon 
dioxi<le  used  in  photosynthesis.  The  cells  t>eneath  the  stomata  are 
loosely  arranged,  there  being  large  intercellular  spaces  so  that 
carbon  dioxide  soon  finds  its  way  to  the  cells  containing  the 
chloroplastids.  On  the  other  hand  when  the  amount  of  water  in 
the  plant  is  reduced  below  the  normal  and  the  plant  shows  signs 
i>f  wilting  tlic  guard  cells  flatten  and  the  st'Jina  or  pore  is  closed, 
thus  preventing  transpiration  or  at  least  reducing  it. 

The  guard  cells  may  be  slightly  raised  above  or  sunk  below 
the  surrounding  epidermal  cells,  the  number  of  the  latter  l)eing 
characteristic  fur  certain  plants.     ( Compare  I'igs.  io6,  263,  2S6.) 

In  surface  view  the  stomata  may  be  elliptical  or  circular. 
They  occur  in  the  largest  nnml>ers  on  the  blades  of  foliage  leaves, 
being  more  nuinerou.";  on  the  under  surface,  except  in  aquatic 
plants  where  they  occur  only  upon  the  upper  surface. 

Water  Pores. — Near  the  margin  of  the  leaf  and  directly 
over  the  ends  of  concUtcting  cells,  not  infrequently  occur  stomata, 
in  which  the  function  of  opening  and  closing  is  wanting,  and 
which  contain  in  the  cavity  below  the  opening  water  and  not  air, 
thus  differing  from  true  stomata  (Fig.  106,  D,  E).  These  arc 
known  as  .water  pores,  and  they  give  off  water  in  the  liquid 
form,  the  drops  being  visible  on  the  e<lges  of  the  leaves  of  nas- 
luriiunis.  fuchsias,  roses,  etc..  at  certain  times. 

Cork  cells  replace  the  epidermal  cells  of  roots  and  stems 
that  persist  year  after  year  (Fig.  115.  AT).  They  differ  from  the  epi- 
dcmial  cells  in  that  the  walls  are  uniformly  thickened  and  on  sur- 
face view  are  polygonal  in  shape.  The  walls  consist  of  suberin,  a 
substance  allied  to  ciilin  ;  in  some  instances  they  also  contain  ligno- 
ccllulose.  forming  cork  stone-cells,  as  in  asclcpias  and  calumba 
(Fig.  198).  The  young  cells  may  contain  a  thin  layer  of  cyto- 
plasm and  a  nucleus :  ihey  usually  also  contain  brownish  tannin, 
or  tannin-like  compounds,  and  occasionally  co^tals  of  cerin,  or 
calcium  oxalate  (Fig.  302,  H). 
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Cork  not  only  occurs  as  a  sccoiulary  prolecUvc  layer,  but  may 
also  arise  in  other  parts  of  the  plant  as  a  rcswlt  of  injury,  as  in 
leaves,  fruits,  stems  and  ttibtTs.  It  also  arises  as  a  result  of  the 
disarticulation  of  the  leaf  in  autumn. 

Lcnticels  may  be  described  as  biconvex  fissures  in  the  cork 
which  permit  of  the  easy  access  of  air  to  the  intercellular 
spaces  of  the  rather  loosely  arranged  cells  lying  beneath  them 
(Fig.  107).  They  usually  arise  as  the  product  of  a  meristem 
situated  beneath  the  stomata  of  the  epidermis,  the  stoinata  being 
replaced  by  them  when  cork  is  developed.    Several  types  of  lenti- 
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Fio.  le?.  Section  ThroujEh  a  MMndnry  lenricel  [n  the  bark  of  Suwfns;  c,  «pid«Tnii: 
«t.  »ujciccclh;  phcl.  phcUodcrni  derived  from  secondary  i-hcUosen  «nd  having  thick  ligni- 
ftod  wkll;  p,  parenchyma;  c,  cork,  cam.  complementary  cell*. — Alwr  Weua. 


eels  are  distinguished.  They  are  quite  characteristic  and  promi- 
nent in  a  number  of  barks,  as  those  of  species  of  Betula.  Prunus, 
Rhamnus.  etc. 

Laticiferous  or  milk  tissue  occurs  in  all  those  plants  which 
emit  a  milk-juice  on  Iwing  cut  or  <jlherwise  wounded.  The  juice 
may  be  colorless,  as  in  the  oleander:  whitish,  as  in  the  Asclepia- 
dacex  and  Apocynaccae;  or  yellowi.sh  or  orange,  as  in  the  Papa- 
iveraceje.  It  contains  caoutchouc,  oils,  resins,  mucilage,  starch, 
calcium  oxalate  and  alkaloid.s  as  well.  The  walls  arc  relatively 
thin  and  consist  chiefly  of  cellulose.  The  tissue  consists  cither 
of  single  cells  of  indefinite  length,  as  in  the  Asclcpiadace*e,  or  it 
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may  consist  of  a  more  or  less  branching  net-work  formed  by  the 
anastomosing  of  a  number  of  cells,  as  in  Taraxacum  (Fig.  lol. 
D).  It  is  tlislribule<l  or  associatcci  with  the  sieve  in  nearly  all 
parts  of  the  plant;  in  tlie  earlier  stages  the  cells  contain  proto- 
plasmic cell-cr^n tents  which  later  disappear  or  are  with  difficulty 
distinguished  from  the  other  substances  already  enumerated  as 
present  in  the  milk-juice. 

Secretion  Cells  or  Canals.— In  Sanguinaria  there  occurs  a 
rudimentary  laticiferous  tissue,  most  of  the  juice  being  conlainetl, 
however,  in  special  parenchymatous  cells,  which  may  I>c  more  or 
less  isolated,  or  arrangc<l  in  irregular  longitudinal  rows.  Cells 
of  this  character  are  known  as  secretion  cells  and  usually  contain 
oil,  resin,  tannin,  calcium  oxalate,  mucilage  (Figs.  y8;  101,  f)), 
etc.,  instead  of  substances  which  form  an  enuilsion  or  milk-juice; 
these  cells  are  distributed  in  all  parts  of  ihc  plant,  and  include  the 
epidcrn>al  cells  and  glandular  hairs.  The  walls  usually  consist  of 
cellulose  but  may  have  lamella:  of  cutin  and  sulwrin.  the  latter 
being  found  particularly  in  the  oil-sccrction  cells  of  rhizomes, 
roots,  barks  and  fruits  i  I''igs.  loi.  8:212:  236:250). 

In  some  instances  mucilage  cells  containing  raphides  occur  in 
longitudinal  rows  resembling  the  secretion  cells  of  Sanguinaria; 
in  some  tjf  the  ferns,  the  barks  of  elder  and  locust,  and  leaves  of 
the  Crassulacea*.  the  tannin-cells  arc  very  much  elongated,  resem- 
bling the  simple  laticifenms  cells  in  the  Asclcpiadaccx. 

Oils,  resins,  mucilage,  gum-rcsins  and  allied  protlucts  (x-cur 
quite  fref|uently  in  s|>ccial  reser\'oirs  or  cavities  formed  as  already 
described  (p.  178). 

INNER  STRUCTURE  OF  MEMBERS  OR  ORGANS. 


Point  of  Vegetation. — Plants  are  distinguished  for  the  most 
part  by  having  distinct  growing  points  known  as  vegetative  points. 
These  occur  at  the  apex  of  shoots  and  roots  and  at  definite  lateral 
points.  I>eing  in  the  stem  near  the  surface  and  in  roots  beneath 
the  endotlermis.  The  walls  of  the  cells  in  these  regions  arc  very 
thin  and  consist  almost  entirely  of  cellulose.  The  cells  arc  com- 
pactly arranged  and  arc  more  or  less  polygonal  or  somewhat 
elongated.    They  arc  rich  in  protoplasm,  capable  of  rapid  dtvi- 
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sion.  and  constitute  the  tissue  known  as  [•rimary  meristkm.  In 
the  root  three  kinds  of  primary  meristem  (Fig.  60)  are  distin- 
fi:uishe<i:  l!)  The  plrkomk  (tn,  f,  g)  or  axial  meristem.  which 
gives  rise  to  the  central  cylinder  or  stele;  (2)  the  tkriblem  i  .r,  r) 
or  meristcmatic  tissue,  which  gives  rise  to  the  primary  cortex, 
and  (3)  the  dermatogen'  {c),  from  which  the  epidcnnis  is  devel- 
o[)t;d.  in  addition  to  these  three  meristcmatic  zones  there  is  at 
the  a|)ex,  lying  next  to  the  derniatog^en.  a  meristematic  group  of 
cells  which  ^\\c  rise  to  the  root-cap,  known  as  the  calyptrocen' 
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Fin.  loB.  A.  kingliudinal  Mctloa  through  tho  apkes)  rcfifonof  tha  atcmor  ihe«mbryo 
of  a  bean  iPkastolits  MHiii^iofiul.  m.  ft[>«)i,  pb.  porU  of  the  Ivro  first  le«tve&.  and  th*it 
aMllmrv  tnid*  (k.,  k.]:  r,  pcriblcui  or  pnmu^'  Cortex.  B,  dtaKrain  a(  krasituditul  •eduui 
through  wiatn'  bud  of  Qutrctu  cocctKta:  P.  Krowing  potni;  I.,  j'ouns  t«iiv«»:  SB.  u«ai 
bnnchcs.  F.  (ibro\'aKular  buitdlc.     A.  after  Sachii, 


At  the  growing  point  of  the  stem  three  meristcmatic  zones  arc 
also  distinguishc<l.  namely,  pleromc,  periblem  and  dermatogen 
(Fig.  io8,  A).  They  aVe  not,  however,  so  well  marked  as  in  the 
case  of  roots. 

The  tissues  which  are  developed  from  the  primary  meristems 
constitute  the  primary  structixre  (Fig.  60).  With  the  growth 
in  thickness  of  the  stems  and  roots  of  Dicotyledons  other  meri- 
stematic cells  known  as  secondary  meristems  arise.  These  arc 
of  two  kinds:   (i)  one  which  gives  rise  to  the  xylem  and  phloem, 
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known  as  cambium,  and  (2)  one  whicli  gives  rise  to  tlie  cork, 
known  as  phellocex.  The  tissues  formed  from  the  secondary 
meristems  consiiuile  the  secondary  structi,he  of  older  dicoty- 
ledonous stems  and  roots. 

While  the  [X)int  of  vegetation  in  the  higher  plants  (spermo- 
pliytes )  emhraces  a  number  of  cells,  in  the  lower  plants  the  tissues 
can  be  traced  back  to  a  single  apical  cell. 

THE  STRUCTURE  OF  THE  ROOT. 

Primary  Structure. — Tf  we  make  a  transverse  section  of  the 
root  of  a  germinating  plant,  through  the  portion  developing  root 
hairs,  the  following  arrangement  of  tissues  is  observed   (Figs. 
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Pig.  tog.  A  truuvene  wction  thnnmh  tbe  root  of  a  nerminBtinR  pes^plant  (Pjiuinl 
■t>oai  to  mm.  from  the  tip  showHriK  the  uhKin  of  m  toot  bruich  ^RB>,  E«  C|Mdennt»;  C. 
phtBAry  cortex;  X,  xylcm;  P,  phio«m;  E\,  eododenms. 

109,  iio)  :  (i)  An  EPIDERMAL  layer  with  root  hairs  (E,  H)  ;  (2)  a 

HVpooEHMis  of  a  few  layers  of  cells;  (3)  a  cortex  made  up 
of  a  number  of  layers  nf  parenchyma  cells  (C)  ;  (4)  a  single  layer 
of  more  or  less  lignified  cells,  known  as  the  exwiurrmis  (EN)  ; 
(5)  a  CENTRAL  cvLiN'nr.R  consisting  of  parenchyma  and  alternat- 
ing groups  of  ducts  (X)  and  sieve  (P).  the  number  of  which 
is  more  or  less  constant  for  certain  genera.  This  arrangement 
constitutes  what  is  known  as  the  primary  structure  of  the  root. 
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and  U  essentially  the  same  in  both  monocotyledons  and  dicoty- 
ledons. The  terms  monarch,  diarch,  triarch,  tetrarch,  polyarch, 
etc.,  are  used  to  designate  the  number  of  plates  or  groups  of  ducts, 
tiiere  beingf  usually  a  larger  number  of  groups  in  the  roots  of 
monocotyledonous  plants  than  in  those  of  dicotyledons. 

Secondary  Structure. —  While  monocotyledonous  roots 
grow  in  length,  they  do  not  grow  perceptibly  in  thickness,  so 
that,  for  instance,  a  sarsaparilla  root,  which  may  be  nearly  three 
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Flc.  no.  Primary  itrucmre  in  the  root.  Transvcrae  acction  of  root  o(  pr«  (Pisum) 
ftbout  40  mm.  (xmn  Itie  root-i-ap:  H..cptdcnnAl  cell*,  some  ot  which  are  dcvclo|>(>>l  )ntn 
root  hain;  C.  primary  cttnex.  HN.  tndtniermi*;  X.  xylcni  ray  conipose<]  of  tmch««:  P. 
phloem  romtwxvfl  of  Ueve  celb,  the  xylemand  phloem  forRiing  •  tharch  ndlal  fibR>> 
VMCulaf   bundle. 


meters  in  length,  will  show  but  little  variation  in  thickness 
throughout  its  entire  length.  Dicotyledonous  roots,  however,  soon 
begin  to  grow  in  thickness,  as  well  as  in  length,  the  latter  being 
less  marked  than  in  the  Monocotyledons. 

In  Monocotyledons  the  primary  structure  of  the  root  is  for  the 
most  part  retained,  the  only  change  being  an  increase  in  thickness 
of  the  walls  of  some  of  the  ct'lls.  On  the  other  hand,  the  increase 
in  diameter  of  dicolyletlonous  roots  is  accompanied  by  marked 
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changes  in  the  primary  structtire  ( Fig.  1 1 1 ) .  Some  of  the  cells 
lying  between  the  ducts  and  the  sieve  become  meristematic.  form- 
ing a  continuous  zone  or  ring,  known  as  the  camrium  (CA). 
On  the  outside  of  the  cambium  not  only  sieve  cells  but  bast  fibers 
and  bast  parenchyma  may  be  developed,  and  these  constitute  the 
PHLOEM  (P).  Besides  the  ducts  upon  the  inside  of  the  cambium 
iracheids,  wowl  fibers  and  wood  parenchyma  may  (fcvelop.  fomi- 
ing  the  xylem  (X).    One  group  of  xylcm  and  phloem,  together 
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Plo.  ttt.  Sectlan  in  tha  o1d«r  iMirt.  hlsHer  up  on  the  root  of  pea  (Pftuml  shovina 
in  additbin  to  what  hA»  been  ob««rv«x]  in  Pi^.  t  to.  th«  beginning  of  the  change  from  pnmarv 
to  *«on4Ary  simctunj:  CA,  the  developrocot  o£  a  cambium;  SX,  jecond*Ty  xylcm,  wxd 
SP,  leoondory  phloem. 

with  the  Intervening  cambium,  constitutes  an  open  collateral 
FiBROVASCULAK  BL'NDLE.  Another  kind  of  cells,  which  are 
nearly  isodiametric  or  radially  elongated,  also  arise  from  the 
cambium  and  form  radial  rows,  which  are  known  as  the  medul- 
lary RAYS  (Fig.  112.  PM,  SMV  The  latter  separate  the  fihro- 
vascular  bundles,  and  the  number  of  cells,  both  as  regards  the 
width  and  depth  of  the  rows,  is  characteristic  for  certain  genera. 
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opnicnt  of  the  secondary  sinicturt.  There  is  a  disintcgfration  of 
ihe  cells  of  Ihc  cndoclermis  ( EN),  cortex  (C)  and  epidermis  (E) 
of  the  primary  root,  these  being  replaced  by  the  secondary  struc- 
ture as  shown  in  Fig.  112. 

The  characteristics  distinguishing  the  primary  and  secondary 
structures  of  dicotyledonous  roots  may  be  summarized  as  follows: 

Primary  stkl'CTL'Re:  Epidermis  and  root  liairs.  liyi»oder- 
mis.  Priniarj-  cortex  consisting  of  parenchyma.  Endodermis. 
Xylem  arranged  in  radial  rays  which  alternate  with  phloem  plates, 
constituting  a  radial  lib ro vascular  bundle  (Kig.  no). 

SECOND.\Ry  structure:  G)rk  cells.  Phellogen.  Secondary 
cortex  consisting  of  parenchyma.  Phloem,  cambium  and  xylem. 
arranged  in  radial  groups,  forming  open  coHaierat  fibrovascular 
bundles.     Me<lullary  rays  separating  the  fibrovascular  bundles. 

Sometimes,  as  in  glycyrrhiza  and  valerian,  a  number  of  paren- 
chyma ctlls  arc  found  in  the  center  of  the  root,  these  constituting 
the  PITH  (Kig.  115)  or  medulla;  but  they  arc  usually  wanting  in 
dicotyle*lonous  roots. 

Wooil  and  bark  are  terms  used  to  distinguish  those  portions 
of  the  root  or  stem  separated  by  the  cambium :  all  that  portion 
inside  of  the  cambinm,  including  xylem.  medullary  rays  and  pith, 
being  known  as  the  wfton.  The  bark  includes  the  phloem,  the 
medullary  rays  outside  of  the  cambium,  and  the  tissue  formed  by 
the  phellogen. 

The  following  diagram  of  the  secondarj-  structure  of  a  dicoty- 
ledonous root  may  be  of  assistance  in  understanding  the  origin 
and  relation  of  the  tissues  comprising  it: 

Pith,  which  may  be  wantiog. 


Wood  made  ap  of . 


Cambium  produces 


Bark  tnatie  up  of  . 


Xjlem  . 


PhloKD    .. 


OmpcHcd  of  ductc,  wood  pnrvnchyma 
and  wood  liber* ;  or  trachtidb  msy 
replace  these  celU,  or  be  a&ttociated 
with  ihcm.  'Hie**?  arc  armnged  in 
gmiip*  f.-.rming  nwiial  row*  which  arc 
fieiMTutcd  by  medullary  rays. 

Cbn-sislingof  -tiere  md  bast  parenchy- 
ma :  bast  fiber)  may  also  be  |)re!>enl. 
These    are    arranged     in     collateral 
groups  and  ffwm  radial  rows  which 
l_      ore  separated  by  medullary  rays. 


Phellogen,  producing  parenchyma  and  cork. 
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The  root  branches  arise  as  the  prodiioi  of  a  mcrisicni, 
known  as  the  pericmibu'M,  situate<l  beneath  the  endo<lermts 
(Figs.  59,  RB :  109).  The  tissues  forming  tlu*  branches  arc 
directly  connected  wit!)  ihc  fihrovascular  tissues  of  tlic  root  and 
protrude  through  the  overlying  tissues  without  having  any  con- 
nection with  them.     The  structure  of  the  branches  thus  formed 


Fio.  II].  LonKitudinii]  section  thraogb  a  root  of  Vtratntm  viriilt  showing  the  nfttura 
of  thr  conlraclion  of  (h«  root:  K,  cpidtnnix:  CS.  nlk  o(  oonex  c«nUtniRg  lUrch;  CO. 
cells  of  cortex  coataininR  fAphidM:  P.  Kbrovaacular  bundle:  A,  rifu  or  CAvitin  fomMd  m 
a  result  of  ths  radial  swHlinc  of  the  c«Ua  of  ttm  cortei. 


corresponds  lo  the  primary  structure  of  the  roots,  and  in  tlie  case 
of  dicotyle<ionous  roots  may  also  subsequently  develop  a  secondary 
structure. 

Contraction  of  roots  is  observed  in  both  monocotyledons 
and  dicotyledons,  it  being  most  apparent  in  the  former,  as  in  the 
roots  of  Vcratrum  viridc  (Fig.  113).  The  uneven  or  corkscrcw- 
likc  appearance  is  due  to  a  contraction,  which  arises  as  follows: 
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Some  o£  the  longitudinally  elongated  cells  beneath  the  cpidenuis 
absorb  large  quantities  of  water,  which  causes  them  to  assume  a 
SfJiertcal  lonn  (as  the  cells  of  a  potato  are  altered  on  hoiling), 
the  result  being  a  longitudinal  contraction  of  the  root  at  this 
point.  In  this  way  the  plant  is  fastened  more  securely  to  the 
cartli,  and  at  the  end  of  the  season's  growth  tlie  apical  buds  of 
plants,  with  upright  rhizomes,  as  of  I'cratrum  viridc.  Dracon- 
thim,  etc..  arc  drawn  into  the  earth  and  thus  protccjod  during  die 
winter  soasori. 

Abnormal  Structures  of  Roots. — It  is  frequently  difficult  to 
recognize  the  t\pe-structurc  of  dicotyledonous  roots,  owing  to  the 
devclopnu'iit  of  anomalous  and  abnormal  secondary  structures. 
Sclerenchymatous  fibers,  while  present  hi  glycyrrhiza  (  Kig.  104) 
and  althxa.  arc  not  infrequently  wanting.  Wood  fibers  may  be 
sparingly  developed,  as  in  young  belladonna  roots  or  even  want- 
ing, as  in  gentian.  In  other  cases  the  mcdidlary  rays  are  abnor- 
itial.  being  replaced  in  calumha  (Fig.  198)  by  wood  parenchyma, 
an<l  in  ipecac  (Fig.  203")  and  taraxacum  by  sclerenchymatous 
cells.  In  asclepias  and  caluniba  (Fig.  iy8)  a  layer  of  stone  cells 
occurs  near  the  periphery ;  in  gentian,  sieve  cells  develop  in  the 
XA-leni:  in  senega  the  xylem  is  not  uniformly  developed,  and  in 
still  other  cases,  as  in  jalap  (Fig.  195).  pareira  (Fig.  199)  and 
Phytolacca,  successive  cambiums  develop,  producing  concentric 
series  of  open  collateral  fibrovascular  bundles. 


THE  STRUCTURE  OF  THE  STEM. 

Primary  Structure. — If  we  make  a  transverse  section  of  a 
dicotyledonous  stem  a  little  below  the  growing  point,  we  observe 
a  differentiation  of  the  tissues,  as  follows,  this  arrangement  rep- 
resenting the  primary  stnicture:  (  1 )  The  t-pidermis  with  glancl- 
ular  or  non-glandular  hairs;  (2)  hypodermis;  (3)  cortex;  (4) 
cn<loilerniis :  f  5")  open  collateral  fibrovascular  bundles  separated 
by  priniar\  medullary  rays.  an<l  (6)  a  pith  in  the  center.  The 
essential  difference  between  tlie  primary  structures  of  the  stems 
of  Dicotyledons  and  Monocotyledons,  is  that  in  the  latter  the 
fibrovascular  bundle  is  of  the  closed  collateral  or  concentric  type, 
the  medullary  rays  being  wanting  (Figs.  114.  1 15). 


ao6 


BOTANY  AND  PHARMACOGNOSY. 


On  comparing  the  primary  stnictiirc  of  the  root  with  that  of 
the  stem,  the  following  essential  diflFerences  are  observed: 


Kpidermis  with  root  hftin. 

Corltca]  parrnchytna  without  cbloro- 

pkstids. 
FibrDvuKuIor  bundles   tadial.   more 

numcmus  hi  itKiiiucutylcduiui  iban 

in  dicotyledons. 
Pitb  U5uall)-  wanting. 


Epidmnis. 

Cortiol  p«reDchyit»  with  chloroplis- 
tids. 

Fibrovascul&r  bundles,  open  calUtenl 
(in  T>icotyledno»),  or  closed  col- 
lateral ( m  MonocmylcdoDs). 

Pith  always  present. 


Secondary  Structure.— The  development  of  the  secondary 
structure  in  liiaitylcdonous  stems  is  (jiiitc  simple  compared  to 
that  of  the  root.  The  cambium  develops  into  a  continuous  ring, 
producing  xylem  within  and  phloem  without.  .\  phellogen  arises 
beneath  the  cndodermts.  and  the  cork  replaces  it  and  the  over- 
lying primary  tissues  (Kigs.  115,  116). 

The  arrangement  of  the  tissues  in  the  primary  and  secondary 
structures  of  dicotyledonous  stems  may  Ik'  compared  as  follows: 

I*KiMARV  STRUCTURE :  Epidermis.  Hypodermis.  Primary 
cortex.  Endoderniis.  I'ihrovascular  bundles,  open  collateral 
and  few.    Pith. 

Secondary  structure:  Cork.  Phellogen.  Secondary  cor- 
tex. Fibrovascular  bundles,  open  collateral,  numerous  and 
separated  by  secondary  medullary  rays.  Pith  cells  frequently 
disintegrated. 

Monocotyledonous  stemSr  like  inonocotyledonous  roots. 
U9UalI>  grow  ill  length,  without  much  increase  in  thickness,  ex- 
cept in  certain  cases>  as  in  rhizomes  and  palm  stems,  and  retain 
for  the  most  part  the  primary  structure  (Fig.  114).  The  fibro- 
vascular bundles  are  distinct  and  distributed  in  the  form  of  small 
circidar  groups  throughout  tlie  parenchyma  within  the  endo- 
derniis as  well  as  in  the  cortex.  The  bundles  are  usually  of 
the  collateral  type  and  spoken  of  as  closed  from  the  fact  that  there 
is  no  cambium  between  the  xylem  and  phloem.  In  some  cases  the 
phloem  is  in  the  center  of  the  bundle,  the  xylem  forming  a  con- 
centric ring  around  it.  In  some  monocotyledons  these  two  types 
of  bundles  arc  associated  (Fig.  114).  those  of  the  concentric  tv-pe 
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being  regarded  as  a  modification  of  those  of  the  closed  collateral 
type.  Where  increase  in  thickness  of  the  stem  takes  place,  the 
ceils  of  the  endodermis  are  altered  in  shajK-.  and  tht-  walls  of  the 
h>TKKlermal  cells  l)ecome  thickened  with  ligncjcellidoseandsnberin. 
The  stem  as  well  as  the  root  develops  abnormal  and  anomalous 
structures,  although  they  arc  not  of  sufficient  importance  to  war- 
rant consideration  in  this  connection. 
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Piu.  116.  Section  ot  a  fpur^yur-otd  stem  of  ■  pire  cut  in  wintrr.  >].  view  in  trans- 
verw  uetlon:  I.  nullal-longituilinK]  ivction;  I.  tangenlial-loni^iuiIin«l  ««ctian:  f.  iLirins 
iraod;  «.  (all  wood;  ra,  pith,  1,  >,  j,  4.  succ««iiTe  yean'  hnes  of  emwlh  in  which  i  show& 
the  di%'i'lin£  line;  nu,  medulljirY  ra>f  in  tniuverse  arctinn:  ms'.  tm".  Riedall«ry  ray* 
ia  millAl-iongitudink]  *eciton;  nu'",  mMlullary  rays  In  TJtnflential-loaB'tudlnal  aectton: 
e,  cambium;  b,  bast;  b,  rcsiQ-canaU:  br,  bork. — After  Struburger. 


STRUCTURE  OF  THE  LEAF. 

The  leaf  usually  consists  of  three  kinds  of  tissues  (Fig.  1 17)  : 
(0  epidermal,  (2)  parenchymatous,  and  (3)  fibrovascidar:  in 
some  cases  there  may  al.so  be  a  development  of  collenchyma. 

The  Epidermis  forms  the  surface  of  the  leaf  and  may  con- 
sist of  one  or  more  layers  of  cells.  The  outer  walls  are  cutinized. 
and  when  nearly  smooth  the  leaf  is  said  to  be  gi^broi:s.    They 
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may  be  covered  or  whitened  with  a  bloom,  as  in  magnolia,  when 
the  leaves  arc  spoken  of  as  glaucous. 

In  other  cases  the  outer  walls  of  the  epidermal  cells  arc  modi- 
fied to  hairs  (Figs.  283-285).  When  tlie  Iiairs  are  unicellular 
and  lie  over  one  another  in  one  direction,  they  give  the  leaf  a 
sERicEncs  or  silky  appearance;  when  they  are  ver>'  short  and 
straight,  the  surface  is  described  as  purekulent;  or  when  they 
are  still  longer,  as   t'lruESCENT;  or  when  long  and  straight,  as 
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Pio.  117.  TronrvcTM;  Mctlon  of  midrib  of  leaf  ofstnunonitim;  EU,  upper  epidnmit: 
CO.  collenchyrrw:  PA,  poliuutc  celh:  O.  layer  of  celt*  containintf  n>Kctt«  aitRriri{nte«  of 
cakiuni  oxaUtc.  M.  loohe  incwphrll.  EL.  Iowrrfpid«miis;  OP,  priBms  of  cnJciuin  ojuiUle; 
OS.  cryptocry«t»lHnc  cryHUilt  of  c»lciuni  uxulutc.  ST,  »tomii;  T.  <lucU,  SU.  wve  on  \ipjkt 
•id«  of  dtictB:  SL,  t.\trv«  on  lower  tide  of  ducu.  this  arranscment  of  •ic'^'e  and  ducts  fomiinii 
bicoUatcnil   fibrovoaculor  bundlM. 


PILOSE;  when  the  hairs  are  long  and  matted  together,  as  tomen- 
TOSE.  or  woolly ;  when  they  are  Iiard  and  prickle-like,  the  leaf  is 
spoken  of  as  hispid,  or  strigose;  when  modified  to  spines,  as 
SPINOSE,  and  when  they  are  hooked  as  echinate. 

In  still  other  cases  the  epidermal  cells  are  uneven,  forming 
depressions  and  protulKrances  which,  if  slight,  the  surface  is  de- 
scribed as  RiTfOSE:  or  if  ■wart-like,  as  varicose.  Furthermore, 
the  veins  may  be  quite  prominent,  particularly  on  the  lower  sur-  | 
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face,  and  if  they  arc  much  reticulated  in  addition,  the  surface  is 
described  as  reticulate. 

The  epidermis  is  further  characterized  by  the  presence  of 
stomata  and  water-pores,  the  origin  and  function  of  which  have 
already  been  described  (p.  193). 

The  parenchyma  of  leaves,  known  as  mesophyll.  may  be  of 
two  kinds:  one  in  which  the  cells  are  nearly  isodiametric.  or 
branching,  an^l  Ijctwccn  which  are  large  intercellular  spaces;  and 
another,  consisting  of  elongated  cells,  which  arc  compactly  ar- 
ranged, and  known  as  the  palisade  cell^s.  The  latter  usually 
occur  beneath  tliu  upix-r  epidermis,  as  in  coca  (Fig.  2O1),  digi- 
talis and  pilocarpus  ( Fig.  2S7)  f  ^^  ^^V  "^y  occur  upon  the 
lower  surface  as  well,  as  in  senna  (Fig.  263)  ;  or  they  may  con- 
stitute the  entire  parenchvTna  of  the  leaf,  as  in  eucalyptus.  Oil- 
secretion  reservoirs  are  sometimes  found  in  the  parenchyma,  as 
in  pilocarpus  (Fig.  257)  and  eucaU'ptus,  when  the  leaf  is  said  to 

be  OI.A.NDtJU\K-rUXLTATE. 

The  fibrovascular  tissue  of  the  leaf  consists  of  xylem  and 
phloem,  surrounding  which  is  a  layer  of  cells  corresponding  to 
the  endo<lermis  or  bundle-sheath  of  the  young  stem.  This  tissue 
is  found  in  the  middle  of  the  veins,  the  phloem  being  situated  on 
the  side  toward  the  upper  surface  of  tJie  leaf,  and  the  xylem  to- 
ward the  under  surface.  Conench>ina  is  frequently  found  under 
the  epidermis  of  the  veins  of  the  leaves,  as  in  Mentha  piperita, 
senna  (Fig.  263)  and  stramonium  (Fig.  117). 


INNER  MORPHOLOGY  OF  THE  FLOWER. 

The  inner  structure  of  the  flower  bears  a  close  resemblance 
to  that  of  the  stem  and  leaf.  The  kkacts  in  almost  all  particulars 
are  like  the  foliage  leaf  of  the  same  plant  and  the  kujwer  stalk 
closely  resembles  the  foliage  stem.  The  calv.x,  while  resembling 
the  foliage  leaf,  usually  contains  calcium  oxalate  in  greater 
amount,  and  the  mesophyll  consists  wholly  of  rather  loose  chloro- 
phyll parenchyma ;  the  outer  or  imdcr  epidermis  contains  the 
stomata,  and  if  hairs  arc  present,  they  also  arise  from  this  surface ; 
the  fibrovascular  bundles  are  generally  simple  in  structure,  al- 
though in  some  cases,  as  in  lavender,  sclercnchymatous  fibers  are 
strongly  developed. 
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In  the  COROLLA  tlic  epidermal  cells  arc  generally  more  or  less 
centrifiigally  devt'lnped,  fomiinjj  prominent  papillx  *^F'ff-  1 18. 
A.  H).  which  give  the  petals  a  velvety  or  satiny  appearance,  as  in 
the  rose:  glandular  and  non-glandiilar  hairs  are  also  developed 
which  are  peculiar  to  the  corollas  of  irregular  flowers,  as  in  La- 
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Pio,  iiS.  Inner  tnorpholugy  of  the  flower  >s  iUusinted  In  Vwla  irict^ar.  A.  rpider- 
iddI  rrlls  froni  the  outer  surface  of  the  spurred  petal  ihowing  puipillir.  B.  ciiidnTnaJ  celts 
from  iSc  uniief  surfacr  of  tlir  petals,  soni*  of  the  c*lU  6howin|{  ccntn^ietaJ  thickcrun«>.  lh« 
two  without  thickeninipt  covering  ntb-epiilermsl  muciUu^e-cellK:  C.  ctHdenna)  ce]U  (rom 
the  under  surfjcr  of  ihc  ratals  showing  a  ligxad  outline  and  short  ccotnpctal  thickeninits: 
t>.  ■urface  view  of  the  mcjofhyll  ol  ihc  fCal*.  E,  corkscrew- like  hair  Irom  the  inner  »ur- 
(ace  of  the  npurrvd  corolla  near  the  throat;  P,  a  hair  from  the  edge  of  an  anther.  G,  epi<ler- 
nut  cells  of  the  ontben;  H.  luiface  view  of  the  mecophyll  cells  from  the  spurred  stamen 
sbowtnH  coHmchymatoum  thickeninu,  I.  surface  view  of  cells  of  emlolhwiuin;  K,  polloti 
snlo  viewed  fruo)  thtalde',  L,  pollen  graio  flxaotin«d  in  water;  M.  pollen  grain  observed 
in  chloral  solulion.     * 

vandula  vera  (Fig.  285,  A)  and  Viola  tricolor  (Fig.  118,  £) ; 
stomata  are  comparatively  few  in  numljer.  The  epidermal  cells 
are  but  slightly  cutinized,  and  in  surface  view  are  strongly  undul- 
ate and  ap{>ear  striate  owing  to  the  papillose  development  (Fig. 
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106,  B,  C).  The  mesQphyU  is  made  up  of  rather  loose,  branching 
parenchyma  cells  (Fig.  118,  D),  with  large  intercellular  spaces. 
The  cells  are  free  from  chloroplaslids,  may  contain  chroniopias- 
tids,  or,  like  the  epidermal  cells,  a  colored  sap ;  in  some  instances, 
as  in  ihc  buttercups,  starch  grains  are  also  found  in  the  mesophyll. 
Calcium  oxalate  crystals  are  usually  present,  and  milk  vessels 
are  sometimes  found,  as  in  the  Papaveraccae. 

The  FILAMENT  and  connective  possess  a  central  fibrovascular 
bundle,  around  which  are  arranyijed  comparatively  small  paren- 
diyma  cells  and  among  which  secretion  cells  are  sometimes  scat- 
tered, as  in  Tilia.  The  pollen  sacs  consist  of  but  two  layers  of 
cells — an  outer  layer  called  the  "  exothecium,"  which  resembles 
the  cpidemiis  of  the  corolla,  and  an  inner  layer  called  the  "  cndo- 
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PiQ.  1 19.  ScTcnl  fomii  at  iioUen  gnins:  A,  crocus;  B.  urtuca,  with  three  thin  ptaOM 
in  the  wall  ttiroush  one  of  wtiich  the  pollflQ  tube  may  pntnide;  C,  Uvendv  »howin(  six 
thin  plncv»  ia  llw  wuiL 

thecium,"  the  cells  of  which  are  contractile  and  peculiarly  thick- 
ened, this  feature  being  rather  characteristic  for  certain  species 
(Fig.  118,  /).  Lining  the  pollen  sacs  during  their  development, 
there  is  a  layer  of  cells,  called  ihe  "  tapetal  cells ;  "  but  these  arc 
usually  sooner  or  later  absorbed. 

The  vot.i.KN  GRAINS  vary  greatly  in  numl>er,  as  well  as  in 
size  anci  shape.  They  are  usually  more  or  less  ellipsoidal  but 
may  be  spherical,  as  in  Crocus  (Fig.  119,  A);  more  or  less  three- 
sided,  as  in  the  Composite  and  in  cloves;  four  or  five-sided,  as  in 
Fiola  tricolor  (Fig.  T18.  K.  L.  M),  and  in  some  cases,  as  in  the 
Conifera.  they  may  be  winged.  In  addition  to  protoplasm  and 
one  or  more  nuclei,  pollen  grains  contain  considerable  oil  and 
starch.  The  outer  or  enclosing  membrane  (Fig.  H())  consists  of 
two  parts:  an  inner  one  known  as  the  "  inline "  and  consisting  of 
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cellulose,  and  an  outer,  known  as  tlie  "  cxiiic,"  apparently  con- 
sisting chiefly  of  cutin ;  in  some  cases  the  cxinc  also  contains  an 
oil  which  is  colorless,  as  in  Salvia,  or  yellowisli,  as  in  lavender, 
and  in  some  instances  it  may  contain  a  viscitl  snbstancc,  causing^ 
the  pollen  grains  to  adhere,  as  in  Qi^nolhcra.  The  grains  may  be 
smooth  or  variously  sculy>turcd :  in  must  instances  the  exine  is 
uncvt-nly  developed,  leaving  thin  places  through  which  the  pollen 
tubes  protrude  in  germination ;  these  give  the  appearance  of 
grooves  when  the  grains  are  dry,  and  the  number  of  grooves  is 
characteristic  for  different  species;  in  most  of  the  Comfiosita: 
they  arc  three  in  number;  in  the  Labiatie  there  are  six,  while  in 
Crocus  they  are  wanting  (Fig.  119). 

The  epidermal  cells  of  the  stigma  are  quite  characteristic. 
The  cells  of  the  epidermis,  or  so-called  "  stigma-epithel,"  may  be 
palisade-like,  forming  a  more  or  less  wart-like  mass,  as  in  the 
viscous  stigmas  of  the  Umbellifera,  or  the  outer  walls  may  be 
modified  to  rather  broad  papilla?,  as  in  matricaria  and  arnica, 
or  they  may  be  developed  into  hair-like  processes,  as  in 
Crocus.  The  pollen  tubes  either  enter  the  style  through  an 
open  canal,  as  in  the  violets,  or  they  penetrate  into  the  conducting 
tissues  of  the  style,  either  through  the  papiihe,  as  in  Malva,  or 
through  the  middle  lamella  of  two  neighboring  papiUx,  as  in 
Atropa  Belladonna. 

The  important  tissue  of  the  style  Is  the  contlucting  tissue;  in 
styles  which  are  hollow  il  forms  the  lining  of  the  canal,  the  cells 
resembling  those  of  the  stigma-epithel :  in  styles  that  arc  solid 
the  conducting  tissue  occupies  the  central  axis  and  consists  of 
somewhat  elongate<l  cells,  the  walls  of  which  are  generally  thick, 
frequently  strongly  refractive  and  possess  the  property  of  swell- 
ing. l>eing  furthermore  separated  by  large  intercellular  spaces. 
Surrounding  the  conducting  tissue  are  thin-walled  parenchyma 
cells,  in  which  the  fibrovascular  bundles  are  distributed,  the  num- 
ber of  groups  of  the  latter  corresponding  to  the  number  of  carpels 
that  compose  the  gynaecium.  There  may  also  occur  secretion  cells, 
containing  mucilage,  as  in  Malva.  or  oil  and  resin,  as  in  matri- 
caria. Occasionally,  the  parenchyma  is  replaced  either  in  part 
or  entirely  by  mechanical  cells,  and  the  epidermal  cells  may  be 
modified  to  hairs. 
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Tlie  tissues  of  the  ovary  are,  as  a  rule,  in  a  very  rudimentary 
condition ;  in  fact,  so  rudimentary  that  it  is  difficult  to  distingfttish 
the  ovaries  of  two  flowers  that  develop  into  quite  different  fruits. 
In  some  instances  it  is  said  that  notwithstanding  the  subsequent 
changes,  each  cell  of  the  fruit  is  already  indicated  in  the  ovarj-. 
The  ovary  possesses  an  outer  and  an  inner  epidermis;  the  outer 
is  provided  with  stoinata  and  may  also  possess  liairs;  the  inner 
may  also  have  stomata  and  after  fertilization  may  develop  secre- 
tion hairs,  as  in  the  orange.  Between  the  epidermal  layers  occur 
thin-walled  parenchyma  cells  which  contain  teucoplastids  and 
chloroplastids,  and  in  which  the  fihrovascular  hundles  are  dis- 
tributed, the.se  being  usually  simple,  or  complex,  as  in  the  pea. 
The  number  of  fihrovascular  bundles  is  more  or  less  dependent 
upon  the  number  of  carpels  that  make  up  the  gynaccium;  as  a 
rule,  there  is  a  strong  fihrovascular  bundle  which  corresponds  to 
the  midvein  of  each  carpel. 

The  PLACENTA  is  a  development  from  the  inner  epidermis.  It 
is  traversed  by  a  fihrovascular  bundle  from  which  branches  are 
given  off  to  the  individual  ovules;  it  may  have  a  conducting  tissue 
similar  to  that  found  in  the  style,  and  in  some  cases  the  epidermis 
of  the  stalk  of  the  ovule  may  be  developed  to  a  stigma-epithel. 

The  OVULE  not  only  possesses  a  distinct  form  as  already  given, 
but  tlic  internal  structure,  by  reason  of  the  changes  associated  with 
fertilization,  is  more  or  less  characteristic  for  certain  species  and 
genera.  It  has  an  epidermal  layer,  the  outer  walls  of  which  are 
more  or  less  cutinized,  and  it  consists  for  the  most  part  of  paren- 
chyma cells  rich  in  protoplasm  and  food-materials;  in  addition  the 
embryo-sac  contains  a  number  of  nuclei.  The  stalk  and  raphe  are 
connected  witlx  the  placenta  by  means  of  a  fihrovascular  bundle. 

The  NECTAR  may  be  .secreted  by  certain  of  the  epidermal  cells 
of  various  parts  of  the  ftower;  these  may  resemble  the  ordinary 
epidermal  cells  or  they  may  be  modified  to  papillae,  as  in  the 
spurred  stamens  of  the  violets,  or  to  hair-like  processes,  as  in 
Malva.  The  cells  which  secrete  nectar  constittite  the  "  nectar- 
apparatus,"  and  the  walls  are  usually  thin  and  more  or  less  aitin- 
ized.  The  nectar-apparatus  is  found  more  generally  upon  some 
part  of  the  stamen,  but  the  sepals  and  petals  are  not  infrequently 
saccate  or  spurred,  which  adapts  them  for  holding  the  nectar. 
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an  inner  epidermis  of  more  or  less  obliterated  and  elongated 
cclia,  between  which  is  a  thin-walled  parencliyma  traversed  by  a 
number  of  fibrovascular  bundles  iSee  also  Figs.  246,  250,  252). 

In  some  casts  the  outer  epidermis  contains  numerous  sto* 
mata,  as  in  poppy  capsules,  or  is  developed  into  hairs  and  other 
outgrowths  or  appendages,  as  in  anise  (Fig.  244).  arnica,  rhus 
glabra  and  rasplxrrry. 

The  inner  epidermis  may  also  contain  stomata.  as  in  the  poppy, 
or  be  developed  into  hairs,  as  in  vanilla  (  h'ig.  256)  and  orange, 
or  more  or  less  obliterated,  as  in  aktne-like  fruits,  or  modified  to 
sclerenchymatous  elements,  as  in  drupes. 

The  middle  layer,  which  is  com(>osed  of  parencbyma.  may  con- 
lain  protoplasm,  starch,  sugars,  calcium  oxalate,  coloring  princi- 
ples, alkaloitU  and  other  principles,  and  it  may  also  have  oil-secrc- 
lion  cells,  as  in  cubeb  (Fig.  250)  or  oil-socretion  canals,  as  in 
orange  and  the  fruits  of  the  l-*mbelIifer?E,  in  the  latter  of  which 
they  are  known  as  vittje  (Figs.  244  to  248) ;  milk  vesseU  some- 
times occur,  as  in  poppy:  a  cnllench\Tnatous  layer  is  sometimes 
develo|>ed  beneath  the  epidermis,  as  in  capsicum  (Fig.  252),  in 
some  cases  sclercnchymatous  cells  may  be  present,  as  in  pimenta 
and  ctibeb  ( Fig.  250)  ;  and  in  still  other  instances  the  entire  peri- 
carp may  be  made  up  of  stone  cells. 

INKER  MORPHOLOGY  OF  THE  SEED. 

The  SKED-coAT  usually  consists  of  from  two  to  six  layers  of 
cells:  (i)  an  outer  layer  or  so-called  epidermis,  (2)  a  layer  ot 
sclercnchymatous  cells  or  stone  cells.  (3)  a  pigment  layer.  (4.  5I 
one  or  two  rows  of  parenchymatous  cells.  (6)  a  row  of  more  or 
less  obliterated  parenchyma  cells. 

The  EPIDERMAL  cF.i.i-s  Vary  considerably  in  different  spedes, 
both  as  regards  the  form  of  the  cells  and  the  composition  of  the 
walls  (Fig.  302).  The  cells  may  be  more  or  less  isodiametric  in 
cross-section,  as  in  cardamom  (Fig.  253^ ;  elliptical,  as  in  almond 
(Fig.  302.  D) ;  palisade-like,  as  in  .-Ibnis  prccatorius,  or  more  or 
less  irregular,  as  in  Delphinium.  WTiile  the  outer  and  side  walls 
are  usually  thickened,  in  hyosci-amus  (Fig.  302.  A^  it  is  the  inner 
and  si<le  walls  which  are  thickenetl.  the  outer  wall  remaining  thin. 
The  outer  wall  may  be  in  part  modified  to  mucilage,  as  in  mustard 
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and  flaxseed  (Fig.  184)  :  or  to  non-glandular  hairs  which  consist 
either  of  cellulose,  as  in  cotton  (Fig.  166),  or  lignocellulose,  as 
in  nux  vomica  (Fig.  283.  B). 

The  pERisi'ERM  and  endosperm  (Fig.  121)  consist  chiefly  of 
parenchyma  cells,  which  contain,  besides  protoplasm,  starch,  as 
in  physostigma;  oil,  as  in  strophanthus    (Fig.    186);   aleurone 


D  Nk 


Pio  tai.  Pbrtn  of  smbiyo  •nd  distribution  of  vndoapenn  in  tuIous  aecdi  mnA 
trmti.  A.  Rivinu*  attd:  car,  CKTuncle;  m.  microto'te:  <■  embryo.  B,  superior  drupe  of 
Piper  prr.  Ttmcnrp;  e,  cndospenn;  p,  periBpcrm.  C.  spinach  fnut  and  D,  corn  cockle  seed 
iAfatttmrna  Gilkago):  per,  perican';  t.  vevd-ooat;  h,  hilum;  p,  peri«pcnn:  c,  endosperm 
c,  curved  etnbrvo. — A,  C,  D,  after  Han;  B,  afMr  BaUloa. 

grains,  as  in  ricinus  (Fig.  122)  ;  glucosides.  as  in  almond;  alka- 
loids, as  in  stramonium.  The  walls  are  usually  thin,  hut  may  in 
some  instances  be  considerably  thickened,  as  in  coffee,  colchieum 
and  nux  vomica  (  Fig.  122,  C). 

The  eml)r>o  consists  chieRy  of  parcnch\TTia  cells  with  a  few 
fibro\'asnilar  bundles ;  the  cotyledons  may  be  thin  and  leaf-like, 
as  in  Hcinns  and  nnx  vomica,  or  thick  and  flesh  v.  as  in  almond 
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atniospliere  and  partly  from  tlie  soil.  Those  elements  derived 
from  the  air  are  either  themselves  gases  or  exist  in  combination 
in  the  form  of  gas,  and  include  ox_\geii,  nitrogen  in  exceptional 
cases  (p.  99),  and  carbon  dioxide,  the  source  of  the  carbon 
entering  into  the  carbon  compounds  formed  by  plants. 

The  elements  obtained  by  plants  from  the  soil  exist  in  com- 
bination with  other  elements  and  mvist  be  in  ilie  form  of  solution 
to  be  absorbed.  The  soil  consists  largely  of  mineral  substances, 
together  with  certain  organic  products  (  humus).  The  water  held 
in  the  soil  not  only  acts  as  a  medium  for  carrying  the  soluble 
constituents  in  the  soil  to  the  plant,  but  is  itself  an  important  food 
product,  being  the  source  of  the  hydrogen  used  by  plants,  as  also 
of  assimilable  oxygen.  Among  the  mineral  constituents  of  the 
soil  that  are  useful  to  plants  are  ammonium  salts  and  nitrates, 
sulphates,  phosphates,  chlorides,  silicates  and  carbonates.  When 
plants  are  collected  and  subjectctl  to  a  temperature  of  about  no" 
C.  the  water  is  driven  off.  and  then  if  heat  sufficient  to  incinerate 
the  material  be  applied  the  organic  matter  is  driven  off  in  the 
form  of  gases,  leaving  the  mineral  constituents  in  the  form  of  ash, 
as  calcium,  magnesium,  iron,  potassium,  smlium  and  a  few  other 
elements. 

R<H)T  Absorption. — Notwithstanding  the  various  agents 
which  are  at  work  tending  to  break  down  and  dissolve  the  sub- 
stances contained  in  the  soil,  as  soil  bacteria,  the  liquids  given  to 
the  soil  h)  the  roots  of  the  plants  themselves,  the  presence  of  the 
so-called  humic  acids,  and  the  action  of  water  and  air.  it  has  been 
shown  that  the  soil  water  is  an  exceedingly  weak  solution.  This 
is  largely  due  to  the  peculiar  absorptive  and  Bxing  power  of  the 
soil  itself. 

The  dilution  of  the  aqueous  solution  of  the  soil  constituents 
is  a  -matter  of  very  great  significance,  for  upon  this  depends  its 
absorption  by  the  root  hairs.  While  otlier  parts  of  roots  have  cer- 
tain absorptive  powers,  the  root  hairs  have  been  defined  as  the 
organs  of  al>soq>tion  of  the  plant.  They  are  very  delicate  in 
structure  and  contain  protoplasm.  Their  absorbent  function  de- 
pcn<l5  upon  the  principle  that  when  a  membrane  (animal  or 
vegetable)  is  interposed  between  two  liquids  of  unequal  density, 
the  less  dense  liquid  will  pass  through  the  membrane  and  mix 
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with  the  denser  liquid.  This  process  is  known  as  osMosrs.  and 
when  a  hquid  passes  outward  through  a  membrane  or  cell-wall 
it  is  called  exo&niosis:  and  when  inward  it  is  called  endosniosis. 
The  soil  is  made  up  of  minute  earth  particles,  each  of  wliich  is 
surrounded  by  a  thin  film  or  en\'elope  of  water,  and  it  is  this  por- 
tion of  the  soil  liquid  that  is  absorbed  by  the  root  hairs.  Tlie  root 
hairs  come  into  close  contact  with  tliese  soil  particles;  in  fact, 
appear  to  grow  fast  to  them,  and  the  cell-liquid  in  the  root  hairs 
iK'iny  ilfUMT  than  that  surrounding  the  soil  particles,  the  latter 
passes  through  tlic  wall  into  the  rhjI  liairs. 

If.  on  the  other  hand,  the  water  supplied  to  the  roots  of  jilaius 
should  contain  an  excess  of  soluble  material,  the  plant  will  he 
injured.  In  this  case  cxosmosis  ensues  and  the  plant  loses  snmc 
of  its  own  liquids  or  celt-sap  and  will  show  signs  of  wilting.  It 
is  well  known  that  if  cultivated  plants  are  supplied  with  strong 
solutions  of  fertilizer  the  plants  will  be  injureii  rather  than 
benefited. 

RiK)T  pRKSSiKi:.— The  distribvuion  of  the  water  absorbed  by 
the  roots  to  other  parts  of  the  plant  is  influenced  by  a  number  of 
factors,  which  are  commonly  spoken  of  together  as  root-pressure. 
Among  these  are  osmosis  within  the  plant,  due  to  uneqtial  density 
of  the  liquids  in  diflFcrent  cells;  the  changes  in  the  equilibrium  of 
the  cell-liquids,  due  to  chemical  changes,  and  the  transpiration 
of  water  from  the  leaves,  thus  establishing  a  flow  of  liquids  from 
the  roots  ujiward.  which  is  usually  spoken  of  as  the  ascknt  op 
SAP.  The  cell-sap  |>asses  upward  through  the  xylem  for  the  most 
part  carrying  constituents  obiaini'il  from  the  soil  to  the  growing 
pans,  where  thoy  are  coniliincd  with  the  products  of  photosjTi- 
thesifi,  and  through  a  series  of  reactions  protoplasm  is  finally 
built  up. 

OxiD.VTTON'. — The  free  oxygen  taken  in  by  plants  through  the 
stomata  anrl  lenticels  serves  the  same  purpose  in  plants  as  that 
inhaled  by  animals,  namely,  the  oxidation  of  certain  compounds, 
whereby  part  of  the  energy  necessary  for  vital  activity  is  lib- 
erated. Oxjgen  is  required  by  all  parts  of  the  plant.  WTien  the 
roots  of  plants,  such  as  those  of  Zea  Mays,  are  surrounded  by 
water  so  as  to  exclude  the  air  the  plants  will  become  yellow. 
Germinating  seeds  consume  a  large  amount  of  oxygen,  but  not 


CHAPTER  IV. 

CLASSIFICATION    OF   ANGIOSPERMS   YIELDING 
VEGETABLE   DRUGS. 

INTHODUCTOKY. 


Inasmuch  as  the  plants  yielding  drugs  and  proximate  princi- 
ples, represent  a  large  number  of  families  it  will  be  found  that  tlie 
study  of  the  important  characters  of  tliese  groups  will  give  a 
rather  coniprtlH-nsive  view  of  the  important  groups  of  the  Angio- 
sperms.  Reference  will  also  be  made  to  other  economic  products 
yielded  by  the  angiosperms.  as  food-prcxlucts,  fibers,  coloring 
principles,  woods  and  timbers,  as  well  as  to  the  jilants  commonly 
cultivated  for  ornamental  purposes. 

Drugs  which  are  recognized  by  the  pharmacopceias  arc  said 
lo  he  official.  It  should  he  understixjd  that  tluwc  referred  to  in 
this  IxMik  as  Iwing  official  are  those  recognized  by  the  United 
States  Pliarmacopicia. 

Nomenclature. —  The  names  first  given  to  plants  consisted 
of  a  single  Latin  name,  as  Quercus,  Rubiis,  Rosa,  etc.  Later  some 
of  the  names  applied  to  plants  were  obtained  from  the  Greeks 
through  Laiin  literature,  as  Aristolochia.  Colchicum.  The  list 
of  classical  names  was  added  to  from  time  to  time  from  both  the 
Latin  and  Greek,  as  ConvallaHa.  Glycyrrhiza,  etc.  Later  the 
names  ai>piied  to  plants  in  other  countries  were  Latinized,  as 
Datur<a  from  the  Arabic.  Guaiacum  from  America.  Since  very 
early  times  the  names  of  distingin.shed  men  have  been  applied  to 
plants,  as  Asclepias  which  was  <le<Itcate(l  to  ^lisculapius,  and 
Linmea  which  was  named  after  the  great  Swedish  botanist  Lin- 
naeus. Wlien  it  was  found  tliat  there  were  different  kinds  of 
plants  in  what  had  been  considered  a  single  type  these  were  dis- 
tinguished by  the  addition  of  other  names  indicating  their  specific 
characters,  and  in  this  way  plant  names  became  quite  long  and 
cumbersome.  Botanical  science  is  indebted  to  the  Swedish  botan- 
ist Linnaeus  for  profxasing  names  for  plants  separate  from  their 
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description.  He  reduced  plant  names  to  two:  a  generic  name  and 
a  specific  name.  The  specific  name  is  the  name  applied  to  plants 
which  arc  of  one  kind,  and  these  constitute  a  species  ;  and  the  gen- 
eric name  is  that  applied  to  a  group  uf  nearly  related  species,  cadi 
group  constituting  a  GEXUS.  Thus  the  oaks  make  up  a  genus  of 
plants  to  which  the  Latin  name  Quercus  signifying  "  beautiful 
tree  "  is  applied,  iiut  we  know  tliat  the  oaks  are  not  all  alike 
and  different  names  are  applied  to  the  different  kinds,  as  tlte 
white  oak  which  has  the  specific  name  alba;  the  plant  therefore 
is  known  scientifically  as  Qucrcns  alba:  while  the  black  oak  is 
known  as  Quercus  vcluiitia. 

Nearly  related  genera  arc  brought  together  in  groups  known 
as  FAMILIES.  Thus  wc  have  the  Mint  Family  known  as  the  Labi- 
atae,  which  comprises  a  number  of  related  genera,  such  as  .Mentha, 
Hedeoma,  Salvia,  etc.  Slill  larger  groups  of  related  families  make 
up  Oroers,  as  the  Graminales.  inclut-Ung  the  Graminc.-e  or  Grass 
Family  and  the  O-peracesc  or  Sedge  Family.  Orders  make  up 
classes  and  sub-classes,  as  the  Monocotyledons  and  Dicotyledons. 

The  names  of  genera  consist  of  one  word  which  is  a  singular 
Latin  noun,  and  are  derived  in  various  ways,  as  Sanguinaria.  so 
named  because  of  the  red  or  sanguine  character  of  the  juice ;  Cas- 
lanea  which  is  nametl  from  Castanea  in  Thessaly  the  home  of  the 
chestnut ;  Ricinus  from  the  Latin  word  meaning  *'  bug,"  because 
of  tlic  resemblance  of  the  seed  to  a  bug ;  Digitalis,  so  named  from 
the  finger-shaped  corolla. 

Specific  names  are  generally  adjectives  and  must  agree  in  gen- 
der with  ihc  generic  name.  Thus  wc  have  Medicare  vtrgiuica  in 
which  the  endings  arc  feminine;  Li'f>idium  rirginicum  in  which 
the  endings  arc  nctitcr,  and  Sf*oroboltis  z'irgmicus  which  has  mas- 
culine endings.  Like  the  generic  name  the  specific  name  is  derived 
in  various  ways,  but  il  usually  indicates  some  peculiarity  of  the 
plant.  Thus  the  specific  name  in  Gentiana  lutea.  refers  to  the 
golden-)onow  flowers;  in  Cotnutn  macuUUum.  the  specific  name 
has  reference  to  tlie  brownish-purple  spots  on  the  stem ;  in 
Brassica  nigra,  the  word  nigra  has  reference  to  the  black  seeds;  in 
.Uistohchia  reticulata,  the  specific  name  refers  to  the  reticulated 
leaves;  and  in  Phytolacca  dccandra,  the  word  dccandra  has  refer- 
ence to  the  ten  stamens. 
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A.     CLASS  MONOCOTYLEDOXS. 

The  Monocotyledons  arc  mainly  disting^iished  by  having  (i) 
leaves  which  are  parallel  (closed)  veined,  the  margins  being  for 
the  most  part  entire;  {2)  the  parts  of  the  flower  in  five  circles  of 
three  tlivisions  each  (Fig.  124) ;  (3 J  a  stem  with  no  distinction  of 
pith,  wood  and  bark,  but  having  closed  collateral  bundles  scat- 
tered through  the  parenchymatous  tissue  of  ihc  stele  (Fig.  114) ; 
and  (4)  an  embryo  with  one  cotyledon. 


Fio.  f  >}.   Cultivated  white  lily  {LUium  album)  ahowinA  t>-pica1  monocotyledunuus  itoiven. 
I.   ORDEK  GRAMINALES  OR  GLUMIFLOR.K 

This  order  is  composed  of  the  two  families,  grasses  (Gram- 
ineae)  and  sedges  (Cii*i>erace.'e).  TIic  plants  are  for  the  most  part 
annual  ur  perennial  herlis  with  fibrous  roots  or  long  rhizomes 
and  slender,  usually  simple,  overground  stenw  (culms).  The 
flowers  are  small,  arranged  in  spikes  or  spikelets  and  arc  wind- 
pollinatcd.  Each  spike  is  subtentled  by  one  or  two  bracts  known 
as  glumes  or  scales.  The  ovary  is  i-locular  and  i-seeded  and 
the  stigmas  are  large,  bairv  or  plumose  (Figs.  79.  F,  G :  125.  D). 

a.  GRAMIXE.E  OR' GRASS  FAMILY.— The  culms  arc 
mostly  hollow ;  the  leaves  are  slender  and  sheathing,  usually  split 
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to  the  base  on  the  &ide  opposite  the  bUde.  and  with  a  slight  pro- 
jection at  the  juncture  of  the  blade  and  sheath  called  the  ligisle; 
the  Bowers  are  perfect,  monecious  or  dioDcious,  the  stamens  being 
nsnally  three  in  nnmber  (Figs.  125,  126).  Each  flower  is  sab* 
tended  by  tmc  to  three  minute  hjaltnc  scales  known  as  LODict'L£S, 
ami  below  the  lodicules  is  a  scale  leaf  knowTi  as  the  iNNEit  PAIX* 
while  each  individual  Buwcr  staOc  is  subtended  by  still  another 
scale  known  as  the  uuTKit  palz.  In  addition  each  spikelet  is  sub- 
tended by  one  or  two  enipt>'  scales  or  GLL'Uf-:s.  the  various  bracts, 
which  persist,  constituting  the  chaff.  The  fruit  is  a  sced-tike 
grain,  in  which  the  seed  is  dosdy  united  whh  the  thin  pericarp. 


Pio.  IJ4.  Dlisruniaf  cniM  tecticMiscif  nKraoootykdooDttsflowm:  1.  item  of  td*Bt: 
l,bnct:  CKprntaoroulcrctrcfcaC  perianth;  p.  petato  or  inner  dicker  pcnaath.  »,  namem; 
e.  ovary.  A,  kc^W  flower  of  the  VSf ;  B,  incKi^lsr  flower  ol  'am;  C,  flower  td  aa  cMdbd.  in 
whicta  1  u  the  Up  mai  U  the  two  auoiinodes.— After  Wannms. 


and  is  called  a  car>opsis  <  Fig-  120).  The  endosperm  contains 
numerous  starch  grains  and  oil.  while  the  gluten  layer  around  the 
endosperm  contains  proteins.  The  number  of  layers  of  gluten- 
or  aleu rone-containing  cells  varies  in  the  different  cereals.  In 
com,  wheat  and  rye  it  consists  of  but  a  single  layer;  in  oat  and 
rice,  of  i  or  2  layers :  while  in  l>arley  it  is  made  up  of  2  to  4  layers. 
Tlic  Grasses  comprise  almut  3.500  species  and  are  distributed 
in  all  parts  of  the  world.  While  most  of  the  plants  are  grass-like 
still  some  of  them,  as  the  bamboos  of  the  Tropics,  liecomc  quite 
tall,  having  woody  silicious  stems  and  bearing  many  branches  in 
the  axils  of  the  leaves.  They  yield  the  cereal  grains  forming  so 
large  a  proportion  of  the  food  of  man,  and  forage  constituting  the 
food  of  many  of  the  lower  animals.    The  following  are  some  of 
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the  important  cereals:  Wheat  {Trilicum  sathmn  and  its  varie- 
ties), corn  (Zea  Mays),  oat  {Avcna  sathv),  rice  {Orysa  satiz'a), 
barley  {Hordenm  sativum  and  its  varieties),  rye  (Secale  tereaic). 
A  number  of  the  species  yield  a  sweet  cell-sap  from  which  cane 
sugar  is  made,  of  which  ihe  most  important  arc  the  sugar  cane 
{Saccharum  offtcinarum)  and  sorghum  {Andropof'ou  orundina- 
ceus  saccltaraius  and  other  varieties). 


Pio.  135.  Wheat  iTriUtum):  A,  tigxMg  axU  or  rachli  of  ear  nhowing  the  notche* 
wbefv  the  Kp«lc«]eu  wttre  iiMcrtcd;  B.  rq  entire  Bpikelct;  C,  a  tlamvr  with  the  pttks:  D,  a 
Oowcr  without  the  pales,  showiog  the  lodiculca  «t  the  hue:  B,  glume;  P,  outer  pale:  G. 
inner  pale;  H.  fruit  (eoryoptit):  I,  lonsttudinal  tectioa  of  (rait, — After  Warming. 


A  large  number  of  the  grasses  are  used  in  medicine,  one  of 
which,  couch-grass  {A^opyron  repens),  is  official  (p.  490). 

Agropyron  repctts  is  a  common  perennial  grass,  forming  slen- 
der jointed  rhizomes,  by  means  of  which  the  plant  is  extensively 
propagated ;  the  culms  vary  from  one  to  four  feet  in  height,  the 
spikelets  are  3-  to  7-flowercd ;  and  the  empty  glumes,  5-  to 
7-nerved,  acute  or  with  an  awn-like  apex. 
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Hordeum  sativum  is  an  annual  grass  with  the  flowers  in  ter- 
minal cylindrical  spikes  resembling  wheat.  The  spikelcts  are  ses- 
sile. I -flowered,  and  usually  in  clusters  of  three  on  opposite  sides 
of  the  notchc<i  rachis.  The  empty  glumes  are  long  and  narrow, 
forming  a  kind  of  involucre  around  the  spikelet.  It  is  supposed 
that  Hordeum  sativum  is  a  cuUivated  form  of  H.  spontoneum 
growing  in  the  countries  Ix^tween  Asia  Minor  and  other  parts  of 
Western  and  Southwestern  Asia.  Three  important  varieties  arc 
distinguished  depending  upon  the  number  of  rows  of  grains  in 
the  ear.    //.  sativum  distichon  includes  tlie  plants  having  2-rowcd 
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the.  I  lA.  Dlagmmnutic  outline  of  a  spikelet  nV.  tower  nlume;  <  Y,  upper  gluine; 
n1.  oulrr  i)al«.  4  I.  tnnT  |iale.  I,  I,  lodicule*;  it.  stamcnt.  I-I.  main  axis;  II,  Lalirral  nxn 
nrhmnrhe*.— After  Wanui&ii- 


ears  and  these  arc  chiefly  grown  in  Middle  Europe  and  England. 
//.  sativum  hcxastichon  includes  the  plants  having  the  grains 
in  six  rows,  these  having  been  cultivated  since  prehistoric 
times  and  now  cidlivate<1  in  Southern  Eurojie.  //.  sativum  vul- 
garc  includes  the  plants  in  which  the  grains  are  in  four  irregular 
rows,  and  these  are  cultivated  in  northern  temperate  regions. 
The  latter  plant  is  cultivated  in  the  Ignited  States  and  furnishes 
the  grain  used  in  the  prefwration  of  malt  (p.  575 ). 

Zca  Mays  ( Indian  Com)  is  a  cereal  plant  probably  indigenous 
to  Cenira!  Mexico.  It  is  extensively  cultivated  in  the  United 
States  and  other  parts  of  the  world  for  its  grain.  From  a  multi- 
ple, primary,  somewhat  fibrous  root  arise  one  or  more  erect  simple 
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culms,  which  arc  grooved  on  alternate  sides  in  the  successive 
internodes  and  from  the  nodes  of  wliich  arise  aerial  secondary 
roots.  The  leaves  are  alternate  and  consist  of  three  parts:  (aj 
a  blade,  which  is  long,  broadly-linear  and  tapering  toward  the 
apex,  the  tip  behig  pendulous;  (b)  a  lower  sheathing  jwnion 
which  is  open;  and  (cj  a  .short,  translucent,  somewhat  hairy 
Hgulc,  situated  between  the  sheath  and  the  blade.  The  tlowcrs 
are  montccious,  the  staminatc,  which  are  arranged  in  a  tenninal 
panicle,  maturing  first;  the  pistillate  occur  in  axillary  spikes,  the 
axes  of  which  constitute  the  corn  cob.  They  are  enclosed  in 
.<ipathe-Iike  bracts  or  husks,  from  which  the  long  filiform  styles 
(p.  558)  prtJtnidt'.  The  grain  is  somewhat  ovate  or  triangular, 
flattened.  i»oiute(l  at  the  base,  grooved  on  one  side,  indicating  the 
jiosition  01  the  embr\'o,  from  10  to  15  mm.  long  and  about  10  nun. 
broad,  more  or  less  translucent,  and  varies  in  color  in  the  dilTerent 
varieties.  The  constitucnis  of  the  com  grain  are  50  to  70  per  cent. 
tii  starch;  about  lo  per  cent,  of  proteins;  4.29  per  cent,  of  a  fixed 
oil;  abnut  five  per  cent,  ni  sugar,  ant!  1.29  [ler  cent,  of  ash. 

There  arc  a  large  numbtr  nf  varieties  and  suh- varieties  of  ^ea 
.\ftiys,  some  nf  the  fnnuer  being  ranked  as  species.  The  follow- 
ing well  defined  varieties  may  be  mentioned : 

( I )  /Tea  Mays  crcrta.  to  which  belong  the  ifip-a^Rxs.  The 
size  of  the  ears  and  grains  is  about  one  half  or  less  that  of  the 
other  corns :  the  grains  have  a  more  or  less  translucent  and  Iktuv 
endosperm,  the  cells  of  the  latter  containing  numerous  compactly 
arranged  polygonal  starch  grains,  which  are  from  7  to  10  /*  in 
diameter  and  have  a  central  rarified  area  from  2  to  7  ;»  in  <liani- 
eter.  It  is  owing  to  the  structure  of  the  starch  grains  that  the 
peculiar  popping  of  the  corn  grains  results  when  they  are  heated. 
Heating  the  corn  grains  at  145"  to  160*  C.  for  from  4  to  10  min- 
utes causes  ihc-  luir^ting  of  the  siarch  grains,  and  at  the  same  time 
a  rupture  of  the  cells  and  splitting  of  the  pericarj)  into  4  parts. 
The  white  appearance  of  the  poppetl  grains  is  due  to  the  inclusion 
of  air  in  the  hursted  cells.  fXiring  the  healing  the  starch  is  con- 
verted into  a  soluble  form  and  this  gives  popperl  com  its  nutritive 
vahie.  Some  of  the  flint  and  dent  corns  show  a  similar  tendency 
lo  pop  when  heated,  but  it  is  only  in  those  parts  of*  the  endo- 
sperm that  are  homy  and  the  cells  of  which  contain  compactly 
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arranged  polygonal  starch  grain:,  in  whicli  the  rarified  area  is  at 
least  from  one-tenth  to  one-6fth  die  diameter  of  the  entire  grain. 
Pieces  of  the  poiMrorn.  as  well  as  the  horny  jwrtions  of  some  of 
tlic  Hint  and  dent  corns,  will  {x>p  as  readily  as  the  whole  grains. 

(2)  Zea  Mays  indcntata  yields  the  dent  or  flint  cokns,  the 
grains  of  which  have  a  corneous  (^ horny)  endos^jwrm  on  the  sides 
and  arc  indented  at  the  summit,  owing  to  the  shrinking  of  the 
cells  which  contain  more  cell-sap  and  less  compactly  arranged 
starch  grains. 

The  starch  grains  in  the  cells  of  the  horny  endosperm  resem- 
ble those  of  pop-corn,  bnt  the  starch  grains  In  the  other  cells  arc 
more  or  less  rounded  or  slightly  polygonal,  and  vary  from  5  to  2$ 
fi  in  diameter;  the  central  rarified  area  is  either  wanting  or  usu- 
ally not  iTtorc  than  2  /a  in  diameter. 

(3)  ^'*c  Mays  saccharata  yields  the  sucar  corns.  While  the 
grains  are  more  or  less  translucent  and  liorny.  they  have  a 
wrinkled  or  shrivelled  surface.  The  cells  of  the  endosperm  con- 
lain  gmii-like  substances  and  a  relatively  small  number  of  nearly 
spherical  starch  grains  from  4  lo  10  /i  in  diameter. 

Broom  corn*  {Andropogon  arundinaceus  init^arc')  is  a  plant 
which  is  cultivated  for  the  panicles  or  seed  heads,  which  are  used 
in  (he  manufacture  of  brooms.  This  plant  dilTers  from  the  other 
species  of  Aiulro|K^on  in  that  the  branches  of  the  i)anic1es  are 
longer,  straighter  an<l  stronger,  forming  a  so-called  "  brush. " 

Quite  a  numlxT  of  the  grasses  contain  oiliirous  principles,  as 
Andropo^on  citratus  which  yields  lemon-grass  oil;  A.  Schirnaii- 
thtis  which  yields  gingergrass  or  geranium-grass  oil:  A.  squar- 
rosus  the  rhizome  of  which  Is  known  as  Vetiver.  Coumarin  is 
found  in  Vanilla  grass  (Anfho.rauthum  odoratitm)  and  white  or 
Dutch  clover  {H'u-rochltr  odorata).  Some  species  of  Stipa  are 
uscd  in  the  manufacture  of  paper  (Alfa  or  Esparto  1  in  North 
Africa  an<l  Spain. 

b.  CYPERACE.T:  or  sedge  family.— The  culms  arc 
mostly  solitl ;  llic  leaves  arc  narrow,  3-rankcd.  and  with  dosed 
sheaths,  the  ligulc  being  absent  or  quite  small ;  the  perianth  is 
connxiseil  of  six  bristles  or  represented  by  an  indefinite  number 
of  hairs,  or  entirely  wanting;  the  lodicules  are  wanting;  the  fruit 
is  an  akene ;  and  the  endosperm  contains  starch. 
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A  number  of  the  sedges  yield  food  products,  as  llie  rhizomes 
of  Cypcnts  csculcithts  and  Elcocharis  tubcrosa,  the  latter  of  which 
is  used  in  the  manufacture  of  starch  in  Qiina  and  Intlia.  Quite 
a  number  of  species  of  Scirpus,  Cypcrus,  Carex.  etc.,  are  used  in 
medicine.  Various  species  of  Cyperus  ( C.  scariosus,  of  the  East 
Indies,  and  C.  pertcnuis.  of  India)  yield  ethereal  oils  and  are  used 
in  making  per^mer_\ .  Cyperux  Papyrus  is  also  used  in  medicine 
and  furnished  the  paper  of  the  Ancients. 


II.    ORDER    FRINCIPES. 

In  this  order  is  inchided  that  interesting  Rronp  of  tropical 
and  sub-tropical  plants  the  i-ai.ms  (I'almic).  Thc>  arc  arbores- 
cent, having  simple  unbranchcd  trunks  which  arc  terminated  by 
clusters  of  leaves,  in  the  axils  of  which  flowers  are  produced.  The 
leaves  arc  pinnate  (Feather  Palms)  or  palmate  (Fan  Palms) 
and  often  very  large.  The  petiole  is  well  developed  with  an  am- 
plexicaul,  more  or  less  fibrous  sheath.  The  inflorescence  is  usu;dly 
lateral,  in  some  cases  forming  a  large  spadix  witli  a  woody,  boat- 
shaped  spathc.  In  com|)arison  the  individual  flowers  are  very 
small.  The  fruit  is  either  a  l)erry,  as  in  the  Date  palm,  or  a  dnipe, 
as  in  the  Cocoa-nut  palm,  generally  i -seeded  and  with  a  large 
horn_\  or  Ixmy  cndospenn.  as  in  the  Date  palm  (p.  233)  and 
PhytcUphas  macrocarpa.  the  latter  of  which  yields  vegetable 
ivory,  used  in  the  making  of  buttons  ( l*'ig.  173). 

The  fruit  of  the  saw  palmetto  \Scrcnoa  (Sahal)  sernthta], 
one  of  the  fan  palms,  is  official  ip.  57R).  The  saw  palmetto  is 
characterized  by  having  a  creeping  root-stock  or  rhizome  one  end 
of  which  rises  a  short  distance  above  ground,  this  portion  being 
surmounted  by  a  dense  crown  of  leaves.  The  (>etioIcs  are  slender 
and  spinose  on  llie  e'lges;  the  blade  is  fan-shaped  and  consists  of 
a  number  of  palmate  divisions  which  are  slightly  cleft  at  the  apex. 
Tlie  inflorescence  is  denseh-  tomentost-  and  shorter  than  the  leaves. 
The  fruit  is  a  i -seeded  drupe  (Fig.  251). 

The  palms  yield  a  number  of  useful  products.  The  Betel-nut 
palm  (.'fr^ra  Cnfrchu)  produces  a  st^ed  having  meflicinal  proprr- 
tics  (Fig.  127).  The  see<ls.  known  as  arkc.\  ntt.  arc  20  to  25 
mm.  long,  conical,  grayish -brown,  with  numerous  spiral,  reddish 
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veins,  heavy,  hard,  somewhat  aromatic,  astringent  and  sHg^htly 
acrid.  Tliev  contain  about  o.i  per  cent,  of  an  oily  liquid  alkaloid, 
arecolinc,  which  chemically  and  in  its  jiliysinlojjical  action  resem- 
bles pcllt'tierinc ;  14  per  cent,  of  tannin,  resembling  catecluitannic 
acid;  gallic  acid;  a  red  coloring  principle;  and  14  per  cent,  of  a 
fixed  oil,  I'hey  also  contain  3  other  alkaloids;  arecainc.  arecai- 
dinc  an<l  gvivacine,  but  these  do  not  .seem  lo  giv^  the  drug  its 
properties. 


i 


Fig.  117.  Anra  Cotcchn  (Betel-nut  palm).  A,  upper  ponton  of  «n  infJorMcence 
IjcarinH  ■tuTUTut«  floweni-  B.  cnlargeil  view  of  *tiinim»lc  flower;  C.  3  stitmen*:  D.  upinrr 
piirt  of  o\'nry  with  s  «tvl«:  E.  a  hraTifh  bcirinK  .1  pisiillittr  flowpn  in  rhc  1.iw«t  portion 
BDtl  3  9liiniiiuitefkiwcnulvv-e',  F,h  jiistilLalc  dowrr  <AiIli  t'racts  reruu^c-1  slioivinif  the  calyx; 
0,  on  uvar>'  "ith  rudiRientary  stiunen;  Hi,  kngitudinal  section  through  ovary;  lit,  tbe 
Mine  si^-mfc  n  magnified  view  of  the  ovule;  J,  lietrlion  thruush  a  berry  fthuwin^  tlie  ftbroui 
nroocarp  anil  the  wreil  L-overrd  >iv  reticnialeil  ttranchea  of  the  raphe:  K.  Kcikm  of  acctl 
aliowinjf  the  ruiiiinatiiuj  endoaiierm  « itb  miall  embryo  atAt  the  base. — Aftef  Drude. 


Carnauua-wax  is  obtained  from  the  Carnauba-palni  of  Brazil 
{Copcniicia  ctrifera).  The  wax  exudes  from  the  surface  of  the 
young  leaves  and  is  obtained  by  l>oiIing  tlieni  with  water. 
D».m;on's  ituioD.  a  bright  red  resinous  substance,  is  obtained 
from  the  juice  of  the  fleshy  fruit  of  Calamus  Draco.  It  consists 
chiertv  of  nsin,  some  tannin  ant]  nl)Out  .^  per  cent,  of  benzoic  acid. 

Tlie  Oil  palm  (IiJicis  ^^uiticetish)  of  er|uatorial  West  Africa 
yields  a  drupe  with  an  oily  sarcocarp,  from  which  by  means  of 
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pressure  or  boiling  with  water,  palm  oil  is  obtained.  The  Cocoa- 
nut  pahn  {Cocits  nucifiTQ)  yields  Ihc  cocoa  nlt  of  the  market 
and  is  probably  one  of  the  most  useful  palms  to  the  natives,  fur- 
nishing as  it  does,  food,  clothing,  utensils  of  all  kinds,  building 
materials,  etc.  The  Sago-palms  yMctroxylou  Kumflm  and  M. 
Utic)  \ield  SAGO,  which  is  prepared  by  washing  out  the  starch 
from  the  cut  stems  an<l  subsc<pK'nlIy  heating  it.  A  tree  15  years 
old  yields  from  three  to  four  hundred  kilograms  of  sago  starch. 
The  Date  palm  (Pha'mx  dactylifcra)  yields  the  hates  of  the 
market,  and  it  is  interesting  to  note  that  since  very  early  times 
the  fruits  produced  by  the  growers  in  the  Orient  have  been  the 
result  of  artificial  or  hand-pollination. 

in.    OKDEK    AKA1.ES    OK    SPATIIII'I^OR^. 

This  order  includes  two  families  which  are  markedly  different 
in  their  halms:  {i)  The  Arace.-e  which  are  rather  large  herbs 
with  an  inflorescence  known  as  a  spadix  and  consisting  of  a  deshy 
spike,  which  is  subtended  or  enclosed  l)y  a  large  bract  known  as 
a  spathe,  as  in  the  Calla-Iily  where  it  is  large  and  white,  and  (2) 
the  Lenmaccac  or  duckweed  family,  which  is  composed  of  minute, 
floating,  thalloid  plants  that  develop  one  or  more  flowers  on  the 
margin  or  upper  surface  of  the  thallus. 

ARACK.E  OR  ARLM  l-AMH-V.— The  plants  belonging 
Fto  this  family  are  perennial  herbs  with  tuberous  or  tlcshy  rhi- 
zomes and  simple  or  compound  leaves  which  are  usually  long- 
pelieled.  The  spa<lix  is  densely  flowered,  the  staminate  flowers 
being  above  and  the  pistillate  below  on  the  same  axis,  or  the  ]>lants 
arc  wlwlly  diiecious.  The  perianth  when  present  consists  of  4  to 
6  scale-like  segments.  Frequently  the  spadix  is  subtended  or 
enclosed  by  a  more  or  less  showy  spathe.  The  fruit  is  usually  a 
berry,  sometimes  a  utricle. 

A  number  of  the  plants  of  this  family  have  medicinal  proper- 
tics  and  one  of  them  yields  the  official  drug  calami's  (p.  496). 
The  drug  is  derived  from  sweet  flag  (Acorus  Calamus)  a  plant 
common  in  swamps  and  along  streams  in  the  Kastem  T_'nited 
States,  and  characterize*!  by  Its  long,  narrow,  linear,  bilateral 
leaves  which  are  from  two  to  six  feet  high  and  one  inch  wide  or 
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less.     The  inflorescence  is  a  <*pik-e-likc  spadix  having  greenish- 
yellow  flowers. 

Many  of  the  Araccw  possess  an  acrid  juice.  The  acridity  is 
probably  due  either  to  saponin  or  an  acrid  volatile  principle 
rather  than  to  raphides  of  calcium  oxalate.  Frequently  these 
principles  are  dissipated  or  destroyed  on  cookinjj  and  the  plants 
are  then  used  as  food,  as  the  w.\ter  arum    (Calh  palushis). 


Pic  iiS.  Water  arum  {Calta  patuslns)  abowias  porticm  o(  rhuome,  the  bnwdly 
ovmt«  aod  cordat*  Imvoi,  and  the  iaflorcuceiitg  which  L-oiuists  of  b  cylindrical  ipadis  uid 
na  elliptical  •prcadtna  Ipathe, 


which  on  account  of  its  acrid  principles  is  used  as  a  remedy  for 
snake  bites  when  in  the  fresh  condition,  but  which  on  drying  loses 
its  acridity  and  being  rich  in  starch  is  used  as  a  food  (Vifc.  128). 
To  this  family  also  belong:  Jack-in-the-pulpit.  or  Indian  turnip 
(Aris<rnta  trif^hyllum).  the  acrid  corm  of  which  is  used  in  medi- 
cine; SKUNK  CAnttAtiK  (SfHithyciHU  fa'tido),  the  fetid  rhizome  of 
which  has  medicinal  properties.  .\  number  of  plants  of  tiic  Arum 
family  are  rich  in  starch,  as  the  tulnrs  of  Xauthosoma  edule  of 
Surinam  which  contain  62  per  cent,  of  starch. 
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tV.    ORDER    XYKIDALES    OR    FARINOSE. 

The  plants  are  mostly  iKjrennial  herbs  of  tropical  and  sub- 
tropical America.  The  order  includes  a  nmnlwr  of  families 
among  whicli  is  Hkomeliace^,  to  which  the  pineapple  {Ananas 
sativus)  belongs.  Pineapple  is  a  native  of  Brazil  and  is  now  cul- 
tivated in  warm  countries  of  the  eastern  and  wtstcrn  hemispheres. 
The  fniit  contains  a  proteolytic  enzyme  rescmbUng  trypsin  and 
also  a  milk-curdling  ferment.  The  bast  fibers  of  Uic  leaves  are 
used  for  textile  purposes.  Some  of  the  Bromeliacear  are  epi- 
phytic (air-plants),  the  best  known  member  being  probably  the 
Florida  moss  [TUhndsia  iisticoidt's]  which  is  used  in  upholstery. 

The  family  Commelinacea!  is  represented  in  the  lJnitc<I  Stales 
by  Commelina  or  day-flower,  some  species  of  which  Iiave  medic- 
inal projKTties.  The  roots  of  some  tropical  s]iecies  contain 
.saponin,  as  C.  dcdcicns,  of  Hrazil.  The  rhizomes  of  a  number 
of  species  of  Commelina  contain  notable  quantities  of  starch  and 
are  edible.  The  spidenvorts  (Tradescantia)  common  in  rich 
soil  in  the  United  States,  and  the  \N'andering  Jew  (CaHisia 
repens)  commonly  cultivated  as  an  ornamental  plant,  also  belong 
to  this  family. 

V.   ORDER  LILIALES  OR  LILltl-LOR^. 

The  plants  of  this  order  are  mostly  perennial  herbs  with  rhi- 
zomes, tubers,  bulbs,  or  fibrous  roots.  The  leaves  are  parallel- 
veined  cxccjit  in  the  rushes  (Juncacex)  where  they  are  long,  slen- 
der and  cylindrical  {radial). 

a.  LILIACE^  OR  LILY  FAMILY.— The  plants  are  the 
most  typical  of  the  Monocotyledons.  'Hiey  are  scape-like  herbs 
with  bulbs  or  corms;  the  flowers  are  sNTnmetrical.  and  the  peri- 
anth is  parted  into  six  more  or  less  distinct  segments  (Figs.  123; 
124,  .4).  The  fruit  is  a  loculicidal  capsule.  Tlie  following  plants 
yield  official  drugs : 

Veratrum  tiride  is  a  plant  two  to  eight  feel  high,  which  is 
characterized  by  the  broad,  clasping,  strongly  plicate  leaves,  and 
by  having  the  flowers  in  large  terminal  panicles  f  Fig.  129).  The 
plant  is  found  in  swamps  and  wet  woods  in  the  United  State";  in 
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ihc  bast',  lltf  slan^cns  l>eing  iineqitul ;  Aloe  tvro  which  yields  the 
Barradiies  or  Curasao  au>es  lias  leaves  with  yellow  or  reddish 
s|»iiie>  ami  \ellovv  llowers  in  which  tlie  stamens  are  as  long  as  the 
corolla  ii'^ig.  130) ;  .-lloe  spicata  and  same  other  African  species 
which  yield  Cai'k  aijiks.  have  flowers  in  close  spikes,  the  petals 
hcinjj  while  and  marke<i  hy  green  lines,  and  the  stamens  much 
lonjjer  than  the  corolla.  The  inspissated  juice  is  official  in  all  the 
pharmacfiiHeias  (p.  661 ). 

Urgiiira  waritima.  which  yields  the  druj;  squill,  is  char- 
acterize<l  by  its  large  onion-like  bulb,  from  which  arise  ten  to 
twenty  broadly  lanceolate.  Rrayisli-sreen  leaves;  and  by  havings 
the  inrtoresccncc  in  long  spikes  ccjnsisting  of  whitish  flowers 
which  have  a  distinctly  purple  stripe  on  each  division  of  the 
perianth  (p.  510). 

Conraliaria  majalis  or  Lily-of-thc-vallcy  is  a  plant  whidi  is 
well  known.  It  produces  a  raceme  of  delicately  odorous  white 
flowers  an<I  beautiful /)!)k)ng  leaves  with  i)romincnt  parallel  veins. 
The  rhizome  and  roots  are  official  (p.  488). 

Smilax  species. — The  drug  sarsajarilla  (p.  446)  is  yielded  by 
a  number  of  species  of  Smilax.  These  are  mostly  vines  with 
woody  or  herbaceous,  often  prickly  stems  and  leaves  with  petioles 
which  have  a  pair  of  persistent  tendril-like  appendages.  The 
flowers  are  small,  mostly  greenish,  dioecious  and  in  axillary 
umbels.  The  fruit  is  a  gloljose  berry.  Not  a  great  deal  is  known 
of  the  species  which  yield  the  dnig.  with  the  excei>tion  of  Smiiax 
medico  which  yields  the  Mexican  sarsa|>arilta.  In  SmUax  medico 
(Fig.  131)  the  leaves  var}-  from  cordate  to  auriculale-hastate ;  in 
Smilax  offtcitiaUs  which  yields  the  Jamaica  sarsaparilla  they  are 
ovate,  as  they  are  also  in  Smilax  papyracea  which  yields  Para 
sarsaparilla.  Nothing  is  known  of  the  plant  yielding  Honduras 
sarsaparilla,  although  this  drug  has  been  in  use  for  nearly  four 
centuries.  The  plants  have  short  rhizomes  which  give  rise  to  long 
roots  which  are  the  part  used  in  medicine. 

A  dr-^oon's  rnxiou.  resembling  that  derived  from  Calamus 
Draco  (p.  232)  is  obtained  from  Dracaena  Draco,  a  tree  growing 
in  the  Canary  Islands.  Some  of  the  trees  of  this  sjjecics  are  of 
histoinc  interest,  as  the  dragon  tree  of  Orotava  which  is  46  feel  in 
circumference  at  the  base. 
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A  nuii>ber  of  the  plants  of  this  family  contain  saponin,  as  thi 
species  of  Sniilax.  Some  contain  coniferin  and  vanillin,  as  Aspaf' 
agus  officittaiis.  Some  of  the  group  contain  glucosidal  principles 
which  under  the  influence  uf  ferments  yield  ethereal  oils  contain- 
ing sulphur,  as  the  various  species  of  Allium. 


n  //x 


Pic,  ijt.  SmOax  mrdiea,  the  n»U  at  which  yield  a  i(artap«ri11».  To  th«  riicht  •  por- 
tioa  of  branch  showinjt  thn  charutcrUtie  vcinciJ  leaves.  th«  t«ndr{l-1tke  appendages  on  the 
pcttol— .  and  the  ucillary,  umbetOike  duotcn  of  (miu:  A,  itamtnate  flower:  D,  ptatJIlatf 
Howvr  m  InntiUudlnAl  iMctiun:  C,  transvcne  section  of  thu  tri-IocuUs  ovary;  D.  lonip- 
todinal  aection  o(  ovary;  E,  seed. — Aftar  Beatlejr  and  Triiaen. 


A  number  of  plants  of  the  Liliacese  are  used  as  vegetables, 
as  the  onion  (Allium  Ccpa),  leek  {A.  Porrum).  garlic  (A.  sati- 
r«m),  and  chives  (A.  Schocnoprasum) ,  asparagus  {Asparagus  of- 
ficinalis). A  number  also  are  quite  poisonous  when  fresh  but 
edible  when  cookc<I. 

b.  AMARYLLIDACE^  OR  AMARYLLUS  FAMILY.— 
This  group  is  of  special  interest  because  it  includes  the  Agave 
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or  Century  plant.  This  is  a  cliaracterisilic  genus  of  plants  of  the 
hot  and  arid  regions  of  North  America.  The  best  known  of  these 
is  the  Ckntukv  plant  (^A^azc  amcricaua)  which  is  one  of  the 
most  important  economic  plants  of  Mexico.  The  stem  axis  of 
the  plant  is  very  short  and  the  thick  Hcshy  leaves  form  a  ttift  at 
the  tip.  The  leave.s  are  lanceolate,  with  spinosc  margins,  and  fur- 
nished with  .^.tfnit  terminal  sjMnes.  The  It-avcs  as  well  as  the 
roots  contain  a  large  amount  of  nnicilage  which  retains  water  and 
thus  helps  to  adapt  the  plants  to  these  arid  regions.  The  plants 
grow  slowly  and  may  flower  when  they  are  ten  or  twelve  years 
old. 

The  Ag^aves  contain  saponin  and  oilier  principles  of  medicinal 
value.  They  yield  a  nnmlicr  nf  other  products  as  follows :  I't'LtjUE 
a  fermented  drink  of  the  Mexicans,  Mezcal  a  distilled  drink  re- 
sembUng  rum;  various  fibers,  as  Sisal  hemp,  "  Hcnequen  "  or 
"  Sacci."  etc.  Other  members  oi  the  Amaryllidacea;  likewise  find 
use  as  medicines  and  as  foods,  many  of  iheni  being  cultivated  as 
ornamental  plants,  as  Narcissus,  HymenocalHs,  Crinuni  and 
Amaryllis. 

c  DIOSCORRACE.^  OR  YAM  FAMILY.— The  planU 
belonging  to  this  family  art-  twining  shrubs  or  herbs  with 
toilers  either  alxjve  uv  Ih'Iow  ground.  Tlif  general  characters  of 
the  plants  are  shown  in  the  wild  yam-ro«it  (Dioscorea  tillosa)  of 
the  I'nited  Stales.  Several  siiecies,  notably.  D.  Batatas,  yield  the 
VAMS  or  Chinese  poiatiH,'!'  of  commerce. 

Many  of  the  species  of  Dioscorea.  as  well  as  other  members  of 
this  family  contain  active  principles  which  like  lliosc  of  the 
Arace^r  and  Liliaceae  are  destroyed  on  heating.  The  rhizome  of 
Tanius  communis  contains  saponin  and  Rajania  snbamaraia  con- 
tains tannin. 

d.  IRIDACE-^  OR  IRIS  FAMILY.— The  plants  of  this 
family  arc  perennial  herbs  with  mostly  e<piitant  (bilateral)  leaves 
and  horizontal  riiizomes.  or  corms.  The  flowers  arc  regular  or 
irregular  and  with  a  pctalloid  stigma  ("Fig.  124,  B). 

Iris  versicolor  is  a  flag-like  plant  commonly  known  as  the 
u\Rr.EH  BMT.  FLAG  ami  foimd  aljundantly  in  the  marshes  and  wet 
meadows  of  the  Eastern  United  Stutes.  It  is  distinguished  by  its 
tall  stems  and  sword-shaped,  somewhat   glaucous  leaves.     The 
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flowers  are  viokt-bluc.  The  rhizome  somewhal  restmbles  thai  of 
calamus,  but  U  uf  a  Uark  brown  color  and  contains  25  per  cent  of 
acrid  resins,  a  volatile  oil,  starch  and  tannin. 

Iris  florcntiua.  wbicli  yields  the  orris  root  of  commerce  (Fig. 
69),  is  a  plant  cultivated  in  Middle  and  Soiillicni  Europe,  and 
closely  resembles  the  above  mentioned  si>ecies.  The  rhizome 
contains  a  volatile  oil  resembling  that  found  in  violets,  and  is  used 
in  perfumery.  Orris  root  is  also  obtained  from  Iris  ^cnnanica 
and  y.  pallida.  The  violet  odor  is  developed  on  keeping  the  rhi- 
zome a  year  or  two. 

Cro£ns  satii'us.  the  wrange-red  stigmas  of  which  have  been  used 
in  medicine  since  ancient  times,  is  an  autumnal-fiowering  plant. 
The  flouers  are  Ulac-])urple,  somewhat  like  those  of  Colchicum, 
and  occur  at  the  tip  of  a  scape  rising  15  to  20  centimeters  above 
ground.  The  leaves  are  linear  and  rise  directly  from  a  more  or 
less  globular  corni.  The  plant  is  cultivated  in  Spain  and  other 
parts  of  Kurope  and  in  the  United  .States  as  well.  The  stigmas 
constitute  ! he  drug  s.\t-n<o.v  (Crocus)  which  was  formerly  official, 
and  cotuain  a  coloring  principle,  i  part  of  which  will  impart  a 
distinct  yellow  ailnr  tn  100.000  parts  of  water.  Saflfron  contains 
a  yellow  glucosidc.  CRoctx.  which  is  soluble  in  alcohol  but  not  in 
water,  and  is  colored  blue  by  sulphuric  acid.  The  drug  also  con- 
tains 7.5  to  10  per  cent,  of  a  volatile  oil.  which  appears  to  be  de- 
riveil  from  a  coloring  principle  that  resembles  carotin:  and  the 
bitter  principle  picro-croctn. 

e.  JUNCACE.K  OR  RUSH  FAMILY.— These  are  grass-like 
marsli  plants,  which  are  distinguished  by  the  fact  that  the  flowers 
are  small,  with  6-parted  glumaceous  perianth,  and  the  fruit  is  a 
loculicidally  dehiscent  capsule.  The  stems  are  mostly  solid,  slender. 
usuall\  arise  in  tufts  from  the  rhizome  and  are  cliaracterized  by 
stellate  parenchyma  cells,  among  which  are  Urge  intercellular 
spaces,  the  latter  also  being  characteristic  of  the  leaves.  The 
nishes  are  principally  found  in  cold  and  temperate  regions. 

Several  species  of  Junrus  and  Ltizula  have  been  used  in  medi- 
cine, particularly  in  Europe.  The  seeds  of  Lusula  campestris, 
a  conmion  womi  rush  of  the  I'nited  States  naturalized  from 
Europe,  are  edible.  Soft  ntsh  (Jiittcus  cffusus)  and  Hard  nish 
(/.  con^lowcratus)  are  used  in  Japan  in  the  manufacture  of  rush 
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mailing.     In   Holland  the  rush  is  grown  on   tlie  embankments 
along  the  coast  to  prevent  the  action  of  the  tides. 


VI.   ORDER   SCITAMINALES  OR  SCITAMINEiC 

The  plants  of  this  order  are  mostly  found  in  the  Tropics  and 
arc  perennial  herbs  with  Beshy  rhizomes.  The  leaves  are  large, 
more  or  less  eUiptical  anil  pinnatcly  veined.  The  leaf  sheaths  close 
tightly  around  each  other  ami  form  a  kind  of  false  stem.  The 
flowers  are  epigynous,  unsyniinetrical  or  zygomorphic,  and  frc- 
quentlv  only  one  stamen  is  completely  developed. 

a.  THE  ZING]BER.\CE-E  OR  GINGER  FAMILY  is  dis- 
tinguished from  the  other  Scitamineie  by  the  fact  that  the  seeds 
have  endosperm  as  well  as  perispenn.  The  plants  arc  rich  in 
volatile  oils  and  a  number  are  used  in  medicine  and  perfumery, 

Zingiber  officinale  yields  the  official  ginger  (p.  486).  From 
a  creeping,  fleshy,  branching  and  laterally  compressed  rhizome 
arises  a  stem  about  i  M.  high  bearing  numerous  lanceolate  leaves. 
The  flowering  stalk  arises  directly  from  the  rhizome,  terminating 
in  a  spike  which  bears  flowers  having  greenish -ye  How  petals  with 
violet  or  purple  stripes  (Fig.  132). 

Elcttaria  Cardamomum  {E.  repens)  yields  the  cardamom  of 
the  several  pliarniacopaMas  (p.  581).  The  plant  has  a  leafy  as 
well  as  floral  stem  which  rises  from  a  tuIx:rous  rhizome.  The 
leaves  are  broadly  lanceolate.  The  flowers  arc  grecnish-whitc, 
the  labelhim  (consisting  of  two  petal-like  staininodes)  being 
bluish.  The  fruit  is  a  capsule,  aiul  the  seeds  arc  the  part  used  in 
nieilicine. 

The  so-called  takadisk  grains  are  the  seeds  of  Amomtttn 
Meie^ucta  growing  in  Western  Africa.  They  arc  about  3  mm.  in 
diameter,  dark  brown,  nearly  smooth,  friable  and  contain  a  vola- 
tile oil. 

Galanc.vl.  which  is  used  in  perfumery,  is  the  rhizome  of 
Alpinia  Gahn^a  growing  in  the  East  Indies  and  cultivate<I  in 
China  and  Bengal.  It  is  frequently  referred  to  as  "  Galangal 
major  "  to  distinguish  it  from  the  rhizome  of  Alpinia  ofHcinarum 
growing  in  Oiina  near  Hainan.  Galangal  occurs  in  short,  branched 
piece-s  of  a  reddish-brown  color,  with  numerous  circular  scars 
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Curcuma  or  turmeric  is  the  rhizome  of  Curcuvia  loitga,  a 
rec<J-Iikc  plant  which  is  largely  cultivated  in  India  and  other 
tropical  countries.  In  preparing  the  rhizome  for  market  it  is  sul>- 
jeclcd  to  a  scalding  or  par-boiling  process  which  aggkuinates  the 
starch  in  the  cells.  WTiile  turmeric  is  used  as  a  condiment  it  is 
also  u^ied  on  accotmt  of  its  color  as  an  adulterant  of  mustard  and 
other  articles,  but  is  very  easily  detected  (Fig.  290).  Several 
forms  of  curcuma  are  found  in  commerce,  as  "  round  curcuma," 
consis^ting  of  the  main  rhizome,  and  "  long  curcuma,"  composed 
of  tiie  sliorl  brandies.  They  occur  in  cylindrical  or  ovoid  pieces. 
2  to  5  cm.  long,  of  a  yellowish-brown  color  externally,  bright  yel- 
low internally,  and  aromatic  odfir  antl  taste.  Curcuma  contains  I 
per  cent,  of  volatile  oil  containing  phellandrene  and  turmerol;  0.3 
per  cent,  of  a  yellow  crystalline  principle.  ctKCUMiN.  which  is 
soluble  in  alcjhol,  sparingly  soluble  in  water,  fnrnis  rerldish-brown 
solutions  with  alkalies  and  is  converted  into  vanillin  with  weak 
oxidizhig  agents.  It  also  contains  considerable  starch  and  a  small 
quantity  of  an  alkaloid. 

r>ihcr  families  of  the  Scitamlne-T  are  of  great  importance  on 
account  of  the  food-prnducts  obtained  from  them,  as  the  Musa- 
cfd'  which  contains  the  group  of  plants  to  which  the  iianana 
(.\fusa  paradisinca  and  ,1/.  Sof*icntuut)  belongs.  To  tlie  Can- 
naccfc  lielong  the  cultivate*!  Cannas.  one  of  them,  Cainia  cdulis. 
being  grown  extensively  in  the  West  Indies  antl  Australia  as  a 
vegetable,  and  anotluT.  Canna  coccmca.  which  grows  in  the  West 
Indies  ami  South  America  furni.shiug  "Tons  les  mois."  llie 
arrow-root  starch  of  the  English  and  Frcncli.  To  the  Maranta- 
ertr  belongs  Maranta  arundiiiacca.  which  is  ciiltivatefl  in  tropical 
America,  an<l  the  rhizome  of  which  Welds  the  stardi.  Mar.\nta 

ARROWROOT    (Tig.   316.   B). 


VII.    ORhRk   ORCHIDAI.E.^  OR   MICROSrERM.E. 

The  most  important  family  nf  this  order  is  the  ORcnin\CE.t  or 
ORtiiiit  Family.  The  orchitis  are  the  most  highly  s|>ecialized 
of  the  Monocolyle«lons.  Thcv  are  perennial  herbs  with  diverse 
habit*,  manv  tro|»ical  species  being  epiph>tes,  and  varying  morpho- 
logical structure  which  is  particularly  evident  in  the  zygomorphic 
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flowers.  The  perianth  consists  of  six  segments.  The  three  outer 
correspond  to  sepals  and  are  similar.  Two  segtnents  of  the  inner 
circle  corrcspon<I  to  iK'tals  and  are  alike,  while  the  tliirU.  which 
is  known  as  the  lip,  is  remarkably  modified,  being  usually  larger, 
often  spurred,  and  sometimes  inferior  (below  the  ovary)  by  the 
torsion  of  the  ovary  or  stalk  of  ilie  flowvr.  The  stamens  arc 
variously  united  with  the  style,  forming  an  unsymmetrical  col- 
umn. The  anther  is  4-locular  and  does  not  dehisce  at  maturity. 
The  pollen  grains  form  from  two  to  eight  club-sha|jed  masses 
(pollinia)  which  are  withdrawn  by  visiting  insects  and  carried 
to  other  flowers.  The  viscid  stigma  either  faces  the  lip  of  the 
corolla  or  is  embedded  between  the  pollen  sacs.  The  seetls  arc 
very  numerous,  exceedingly  snull  and  without  endosperm. 

l^anilla  planifoUa,  which  yields  the  official  vanilla,  is  a  higii- 
climbing  plani  with  long  interno<les  and  distinct  nodes  from  which 
arise  more  or  less  oval  or  broadly  lanceolate,  somewhat  rteshy 
leaves  and  also  a  single  aerial  root  (Fig.  133^-  The  long  stem 
is  terminated  by  a  raceme,  flowers  also  arising  in  the  axils  of  the 
leaves  for  some  distance  back  on  the  stem.  The  flowers  are  yel- 
lowish-green and  llie  segments  of  the  perianth  are  similar,  and 
erect  or  spreading.  The  lip  is  united  with  the  column,  forming  a 
cylindrical  body  whidi  is  strongly  concave  on  one  side  and  spread- 
ing at  the  top  (Fig.  133,  A).  The  potlinia  are  granular.  Pol- 
lination may  be  cffccte<I  by  insects  but  is  usually  brought  about 
by  artificial  means  (hand-pollination).  The  fruits  retiuire  several 
months  to  become  f\illy  grown  and  an  cipial  perio<l  of  time  is 
necessary  for  their  maturity  which  is  indicated  by  their  yellow 
color.  They  are  then  Knthered  and  cured  by  alternately  steaming 
and  drying  them  when  they  acquire  the  dark  brown  color  and  the 
odor  of  the  commercial  article.  Vanilla  is  cultivated  in  all  tropical 
countries  where  the  temperature  does  not  fall  below  18''  C.  and 
the  humidity  is  considerable.  Usually  vanilla  culture  is  combined 
with  that  of  CacSo.  The  plants  begin  to  yield  fruits  the  thinl  year 
and  continue  bearing  for  thirty  or  forty  years  (p.  585). 

The  yellow-fiowering  Cypripediunis  of  the  United  States 
{Cyprif'i'diitm  hirsulum  and  C.  pan-iflomrtt)  yield  the  cypripe- 
dium  of  the  Pharmacopoeia  (p.  490).  The  plants  arc  a  foot  or 
two  high.     The  leaves  are  oval  or  elliptical   (C  hirsutum)  or 
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The  root-slocks  of  a  number  of  Orchids  are  rich  in  mucilage 
and  yield  the  drug  salep  or  a  product  resembling  it.  Salep  occurs 
in  the  fonn  of  globular  or  somewhat  flattened,  more  or  less  trans- 
lucent, light  yellowish-brown  tubers,  2  to  4  cm.  long,  of  a  homy 
texture  and  a  mucilaginous  taste.  The  principal  constituent  is 
mucilage  which  originates  in  the  cell-contents.  It  may  contain 
in  addition  either  starcli  ur  sugar. 

B.    CLASS  DICOTYLEDONS. 

The  following  are  some  of  the  prominent  features  of  the  Di- 
cotyledons:  (1)  The  leaves  are  reticnlately  (open)  veined  and 
usually  with  an  irregular  margin,  being  sometimes  deeply  lobed ; 
{2)  the  parts  of  the  flower  arc  usually  in  circles  of  2  to  5  each ;  (3) 
the  stem  is  usually  diflferentiated  into  pith,  wood  and  bark  and  the 
fibrovascular  bundles  are  of  the  open  collateral  type,  arranged 
radially  about  the  pith  and  separated  from  each  other  by  medul- 
lary rays;  (4J  the  genninating  plant  usually  has  two  cotyledons 
which  arc  opposite  each  other.  Tlie  Dicotyledons  are  divided 
into  two  series  or  sub-classes,  depending  upon  whether  the  parts 
of  the  corolla  are  <listinct  or  are  united,  namely,  the  Archichlamy- 
deae  and  Metachlamydcse. 

ARCHICHLAMYDEiE  OR   CHORIPETALvE. 

The  Archichlamydeas  or  Choripetala?  comprise  those  dicoty- 
ledonous plants  in  which  the  petals  are  separate  and  distinct  from 
one  another  or  are  entirely  wanting. 

I.  ORDER  PII'ERALES. 

The  plants  of  this  order  are  mostly  tropical  herbs  and  shrubs 
and  possess  very  small  flowers  which  have  ncillier  petals  nor 
sepals.  The  leaves  arc  simple  anil  without  stipules,  the  most 
important  family  medicinally  as  well  as  in  other  ways  licing  the 
PiPERACEvE.  to  which  thc  following  medicinal  plants  belong. 

Fipcr  nigrum  is  a  woody  climber  that  has  leathery,  grayish- 
green,  ovate,  cordate  or  ovate-elliptical  leaves,  with  three  prom- 
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jncnt  muUlIc  nen'es  and  two  side  nerves ;  the  flowers  are  perfect, 
sessile  and  form  an  elongated  flesliv  spike;  tlie  fruit  is  a  berry 
which  is  ycIlowish-red  when  rijie.  The  unripe  fruit  constitutes 
the  iii„\CK  PEPPKH  of  commerce  fp.  5/1).  White  PF.ri*KR  (p. 
573)  is  the  ripe  berry  from  which  tlic  epicarp  is  removed,  while 
"  LONG  PEPi'RR  "  (p.  573)  is  obtained  from  Piper  Ionium,  an  en- 
tirely ilifferent  plant. 

Piper  Cubchn  is  a  climbing  perennial  with  leathery  elliptical- 
ovate  or  long  el!i])!ical  leaves;  the  flowers  arc  dittcious  anil  ar- 
ranged in  spikes ;  the  fnnt  is  a  I>erry.  the  jK-dicel  becoming  much 
elongaictl  after  ftTtilization.  The  nnripe  fruit  is  the  part  use<l  in 
medicine  ami  is  official  as  cubeb  ( p.  569 ;  I'ig.  250). 

Piper  angustifo!ium  yields  the  official  matico  (p.  617).  The 
plant  is  a  shrub. growing  in  Central  and  South  America  and  is 
characterized  by  its  long,  oblong-lanceolate,  deeply  reticulate, 
very  Iiairy  leaves.  The  flowers  and  fruits  are  very  small  and 
arranged  in  long,  slender  spikes,  which  arc  frequently  found  in  the 
drug.  Matico  contains  2  to  3  per  cent,  of  a  volatile  oil,  contain- 
ing a  stearoptene  matico  camphor,  which  appears  10  be  the  most 
important  constituent.  It  also  contains  an  acrid  resin,  a  bitter 
principle  ami  a  crystalline  principle  artanthic  acid.  Other  related 
species  of  Piper  are  used  in  tropical  America  similarly  to  Piper 
an,^ustifolium. 

The  leaves  of  a  number  of  species  of  Pij>er  (known  as  "betel 
leaves")  are  mixed  with  the  Areca  nut  and  lime  and  constitute 
what  is  known  as  "  Rktki,."  which  compound  is  used  for 
che*ving.  in  India  ami  other  countries,  chiefly  on  account 
of  its  astringency.  The  root  of  Piper  methystictntt  is  also 
chewed,  and  when  mixcf!  with  the  milk  of  the  Cocoanui 
yields  an  intoxicating  dritik  which  is  used  by  the  inhabitants  of 
the  Sandwich  Islands.  The  dried  root  has  l>een  used  in  medicine 
under  the  name  of  METHVSTictfM  or  K.w.vkava.  It  consists  of 
large,  branching,  soft,  spongy,  dark  brown  pieces,  which  are 
tough,  fibnsus  and  with  a  pungent,  somewhat  bitter  taste.  Kava- 
kava  contains  3  resins,  one  of  which,has  marked  ansesthetic  prop- 
erties; an  alkaloid,  kavaine :  a  neutral  body,  methysticin ;  and 
about  50  per  cent,  of  starch.  The  drug  is  free  from  caldum  oxal- 
ate cr}'sta1s.  these  being  usually  wanting  in  the  Piperaceae. 
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11.      OKOER    SALICALES. 

This  order  comprises  hut  a  single  family,  namely,  the  Sali- 
CACE^  or  Willow  Family,  to  which  belong  the  willows  and  pop- 
lars. The  plants  are  dioecious  shrubs  and  trees :  the  flowers  being 
in  amcttU  or  catkins  and  without  petals  or  sepals.  The  fruit  is  a 
capsule  containing  many  seeds  which  are  small  and  with  long  silky 
hairs  at  the  base. 

The  barks  of  a  number  of  the  members  of  this  group  contain 
glucusides,  as  saltcin  which  is  found  in  Satix  alba  the  white  willow 
of  Europe  and  the  L'nitcd  States,  and  the  brittle  willow  Stilix  fra- 
£(7ij;  and  populin  which  is  found  in  thf  white  or  silver-leaf  pop- 
lar {Pofmhis  aiba)  of  Europe.  Asia  and  the  United  States  and 
Popxilus  f>yratmdalis  of  Italy.  These  principles  are  also  found  in 
other  Sjjccies  of  willow  and  poplar.  A  numl>er  of  the  l>arks  con- 
tain a  yellow  colorinjjr  principle  allied  to  qnercitrin.  as  SaUx  daph' 
noidcs  of  Europe  and  Salix  alba.  Tannin  is  a  common  constit- 
uent in  both  the  willows  ami  poplars.  The  buds  of  many  of  the 
poplars  contain  in  addition  a  volatile  oil  which  is  in  the  nature  of 
a  di-terpene.  as  those  of  Popuhis  pyramidalis.  Popitlus  balsam- 
ifcra,  the  tacamahac  ur  balsam  poplar  of  the  United  States  and 
Canada,  furnishes  the  nAr.M  of  Gile.\d  buds  which  are  coated 
with  an  oleo-resin  that  gives  them  their  aromatic  properties.  Pof>- 
lilus  tn'f^ra  yields  a  volatile  oil  of  which  the  important  constituent 
is  hnmulene. 

The  charcoal  used  medicinally  is  prepared  by  burning  the 
woo<l  of  the  young  shoots  of  the  while  and  black  willow,  poplar, 
beech  or  linden  without  access  of  air. 


III.    ORDER  MVRICALES. 

This  group  somewhat  resembles  the  Salicales  in  that  the 
flowers  arc  in  aments.  Tlie  (lowers  are  either  pistillate  or  stam- 
inate  and  mo.etly  dioecious  in  our  native  species.  The  most  im- 
portant family  is  the  MMycACE-K  or  Rayberry  Family.  The 
genus  Myrica  is  especially  diaracterized  by  the  fact  that  the  outer 
layer  of  the  dnipe  is  waxy.  This  is  particularly  true  of  the  fol- 
lowing species:  Myrtca  ccrifcra   the  wax   myrtle  of  the  sandy 
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swamps  of  the  United  States,  and  M,  xala/>ensis  of  Mexico. 
The  fruit  nf  sweet  gale  {M.  Gale)  yields  a  volatile  oil  containing^ 
a  camphor.  The  sweet  fcm  {Comptoma  pcregrina)  found  in  the 
United  States,  yields  a  volatile  oil  resembling;  that  of  cinnanion. 
The  rhizome  of  this  plant  contains  also  tannin  and  possibly  gallic 
and  benzoic  acids. 


rV.   ORDER   JUGLANDALES. 

The  plants  are  trees  with  alternate,  pinnately-compound  leaves. 
The  staminate  flowers  are  in  drooping  aments,  the  pistillate  being 
solitary  or  several  together.  The  flowers  arc  montecious  and 
have  a  more  or  less  distinct  perianth  consisting  of  three  to  six 
lobes.  The  fniit  is  a  kind  of  dnipe  formed  by  the  union  of  the 
torus  with  the  wall  of  the  ovary.  There  is  but  one  family  in  this 
order,  namely,  the  Jcclandace^  (Walnut  family),  which  in- 
cludes the  hickory  (Hicoria)  and  walnut.  The  black  walnut 
{Jughns  ni^ra)  of  die  United  Stales  yields  a  valuable  timber 
and  an  edible  nut;  the  while  walnut  or  buttcniut  (/.  ciucrca)  of 
the  United  States  yields  the  butternuts  which  are  edible,  and  a 
bark  which  has  medicinal  properties  and  was  formerly  official 
under  the  name  of  JuGLAXri.  Butternut  bark  occurs  in  quills  or 
channelled  pieces  of  variable  length,  2  to  10  mm.  thick ;  it  is  dark 
brown  externaliy ;  has  a  sliort,  fibrous  fracture,  characteristic  odor 
and  bitter,  pungent  and  acrid  taste.  It  contains  about  7  per  cent. 
of  a  yellow,  crystalline  acrid  principle  which  is  colored  purple 
with  alk-alies :  2  to  2.5  per  cent,  of  a  crystalline  resin ;  volatile  oil, 
tannin,  sugar  and  a  fixe<l  oil. 

J.  rcgia  native  of  Persia  and  cultivated  in  various  parts  of 
Europe  and  California,  yields  the  edible  Enomsii  w akntt. 

The  following  species  of  hickor>-  yield  edible  nuts :  The  .shell- 
bark  hickorj'  {Hicoria  oi'aia)  :  the  pecan  (H.  pecan)  common 
from  Illinois  southward;  and  western  shell-bark  hickory  (H, 
suicata).  The  wood  of  these  as  well  as  H.  glabra  and  other 
species  of  hickory  is  used  where  strength  and  elasticity  are 
required. 

Coloring  principles  are  found  in  the  barks  of  a  number  of 
species  and  are  used  for  technical  purposes.    The  following  con- 
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tain  yellow  coloring  firinciples:  HUoria  ozsita,  H.  sulcata,  and 
//.  }^tabra  (pjg-nnt  hickory  l  ;  greiij  cnloring^  principles  arc  found 
in  //.  tuntcntosa.  anil  _\clio\vish-brown  principles  in  fuglaits  ttigra, 
J.  cinerca  and  /.  rfgia. 

Tlir  fatly  nils  from  tlie  cotNlcIons  (kernels)  of  both  liickory- 
nuts  aittj  walnuts  arc  articles  of  commerce,  and  they  Iiave  been 
nscd  in  medicine. 


I 


\*.    OROEU  FAGALiS. 

The  plants  are  trees  ur  shrubs  with  alternate,  pcttolate,  siiiipl 
pinnately  veined  leaves.     The  flowers  are  in  aments.  nioncecious, 
and  with  a  mure  or  le&s  distinct  perianth.    The  fruit  is  a  nut  which 
h  subtended  by  the  mature  involucre   (bur  or  cup)  or  samara, 
the  seed*  being  without  endosperm  (Fig.  1351. 

a.  BETULACE-E  OR  BIRCH  l-AMILY.— The  plants  arc 
aromatic  trws  or  shrubs  an<I  are  represented  in  the  L'niled  States 
by  such  tri.es  as  homlx'am  (Carpinusi,  ironwood  (Ostrya),  and 
birch  ( Uctulu) ;  and  by  such  shrubs  as  the  hazelnut  (Corylus)  and 
alder  (Alnns).  The  plants  yield  a  volatile  oil  consisting  largely 
of  methyl  salicylate.  The  bark  of  the  sweet  birch  {Betulo  Icnta) 
yields  the  oil  of  betula  which  is  oHicial  and  closely  resembles  the 
oil  of  wintcrgreen.  The  l>ark  of  a  number  of  plants  of  this  family 
yields  tannin  and  yellow  coloring  princifiles.  A  number  of  species 
of  Betula  yield  a  sweet  sap,  as  B.  Unta,  and  B.  Bhojpattni  of  Ru»- 
sia.  The  nuts  of  some  species  are  edible,  as  the  filbert  or  hazelnut 
of  Europe  {Corylus  Avcllatui),  the  hazelnvit  of  the  Orient  \^C. 
Colurna),  the  American  hazelnnt  (C.  atitcricana) . 

h.  FAGACE.^  OR  BEECH  FAMILY.— This  family  in- 
clude.4  some  of  our  largest  forest  trees,  these  l)eing  rather  charac- 
tcritittc  of  temjwrate  regions.  They  are  all  highly  valued  for  their 
limber  and  yield  other  valuable  products  besides.  One  notable 
characteristic  is  that  all  of  the  chestnuts  and  oaks  and  some  of  the 
beeches  contain  tannin  in  the  wrtotl.  hark  and  leaves.  The  oaks  fl 
arc  further  notable  In  being  prone  to  the  attack  of  gall-producing 
insects  (various  species  of  Cynips)  whereby  the  peculiar  excres- 
cences known  as  galls  arc  formed  on  the  leaves  and  young  shoots. 
Among  the  oaks  which  yield  galls  rich  in  tarmin  are  the  follow- 1 
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ing;  Quercus  ittfecloria  of  the  Mediterranean,  which  yicl«ls  the 
Turkish  or  Aleppo  galls  which  are  official  (p.  646):  Quercus 
Robur.  which  is  sometimes  tlividt'l  into  0.  pubi'scens  and  Q.  />f- 
duHCuhta,  yields  a  European  gali :  the  live  oak  {Q.  virgimaita) 
of  Texas ;  and  Q.  hbata  of  California.  \'arions  oaks  of  the  South- 
ern States  also  produce  "  ink  balls  "  or  "  ink  galls.*'  as  Q.  coc- 
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Pio.  11$  Whit*  oak  (Qv^reut  idba):  A,  c!i»j»ci eristic,  tob^l  Iftaf:  B.  youns  br»nch 
•howtne  pj«lillaie  >  p)  nnil  staminjn*-  iii  flowrrj.  (*  hair^-  IjtitctKof  a  itnmitiafc  flowrr;  ti 
mupM  half!  (rotn  bntcti  E.  sTxiiirn:  V  pr'lli-n  Krain»,  li,  ditstrr  of  i^stillAt?  flowm;  H. 
aeom  with  rtiimle:  T,  slArch  Rmint  frrim  >ifirn,  »'liir)i  vvry  from  lo  to  i<i  ^  lonj^.  J .  intn^ 
verve  *e<rtion  uf  Strk  «howins  cork  (k>.  *torM  crlU  (»0.  ba«(  fibcrn  (b>.  cr>-4Ul  5bcrs  (cat, 
m*>1ull«rvray»  (rni.  iNkfrnchyma  ifi);  K  1r>ntr  tiulinal  cisrtitiii  of  hut*  showing  end  of  b»*l 
fiber  tb)  cryfttal  fibers  (o)  ftnd  pafcnchytiui  cell*  (t)  contnininn  Unnin, 

cinea  and  Q.  imbricaria.  Several  species  of  oak  are  used  in  the 
tanning  industry,  as  that  of  white  oak  (Quercus  alba),  red  oak 
(Q.  rubra).  S]>anish  oak  (Q.  digitata).  and  hlack  oak  (Q. 
t'elutina),  all  of  N'orth  America;  Q.  pcdunculata  and  sessilifiora 
of  Germany,  and  Q.  dctttata  of  Japan. 
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The  glucosidal  coloring  principle  quercitrin  is  found  in  the 
bark  of  Quercitron  or  black  oak  {Q.  vchttina).  Q.  cocci f era 
of  Southern  Europe  yields  a  red  coloring  principle  which  is  used 
in  dyeing. 

Tlic  wood  of  the  American  beech  {Fagus  atiiericana)  and  of 
the  European  red  beech  {F.  sylvatlca)  yields  a  tar  from  which 
on  distillation  the  official  ceosote  is  obtained  (p.  678). 

Tlic  cork  of  commerce  whicli  is  used  for  a  variety  of  purposes 
is  derived  from  tlie  bark  of  several  species  of  Onercus.  namely, 
Q.  Suber  and  Q.  occidentalis  growing  in  Spain.  Sontliern  France 
and  Algiers. 

The  cotyledons  of  the  seeds  of  the  Ucech  family  are  rich  in 
proteins,  starch  and  oil,  and  some  of  the  nuts  are  edible,  as  the 
Spanish  chf-STNCTs  obtained  from  Costanca  ml^aris,  American 
chestnut  from  C  dcutata  and  chinquaimn  from  C.  pumila  (Fig. 
72). 

VI.     ORDER   URTIC.^LES. 

This  order  embraces  three  families  which,  while  they  agree  in 
certain  characters,  are  quite  distinct  in  oiher  ways. 

a.  LLMACE^  OR  ELM  FAMILY.— The'plants  are  trees 
or  shrubs  with  alternate,  simple,  serrate,  petiolate  leaves.  The 
flowers  are  monrecious  or  dioecious,  with  a  4-  to  6-divided  peri- 
anth. The  fruit  is  a  1 -seeded  drupe,  .samara  (ir  nut.  The  tx-pical 
group  of  this  family  is  that  of  the  elms,  of  which  the  American 
or  white  ehn  (Vltrnts  amcrtcartd)  is  the  most  prized  for  orna- 
mental puriMscs.  The  elms  yield  valuable  timber  and  the  bark  of 
Ulmus  campeslris  of  Europe  is  used  for  tanning  and  dyeing  be- 
cause of  the  presence  of  tannin  and  a  yellow  coloring  principle. 

The  inner  bark  of  the  red  or  slipj>ery  ehn  {V!mus  ftilva)  is 
used  in  medicine  on  account  of  its  mucilaginous  character  (p.  544 ; 
^S-  99i  ^)-  ^^^  t^fi*^  ^^s  a  gray,  fragrant  bark;  leaves  which 
are  ver\-  rough  aliovc  and  become  fragrant  on  drying,  and  the 
wood  is  reddish-brown.  The  samara  is  not  hair>'  as  in  some  of ' 
the  other  species. 

h.  MORACE.^.  OR  Ml'LBERRY  FAMILY.— The  mem- 
bers of  this  family  are  herbs,  shrubs  or  trees,  many  of  them  con- 
taining a  milk-juice  or  latex.    There  are  many  representatives  in 
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tfie  tropical  regions  and  some  in  temperate  regfions.  The  flowers 
are  unisexual,  with  a  4-  to  s-jwrted  perianth  and  occur  in  spikes 
or  amcnt-likc  clusters. 

Catmahis  sattza. — This  is  the  plant  yielding  hemp  and  the  dnig 
Cannabis  Indica  (p.  635).  The  plant  is  an  annual  branching 
herb  from  1  to  3  M.  high.  Tlie  leaves  arc  alternate  above,  oppo- 
site below,  digitate  with  5  to  1 1  linear-IanccoIatc.  serrate  lobes 
(Fig.  27^).  The  flowers  are  dioecious,  the  staminate  occurring 
in  panicles  and  the  pistillate  in  erect  simple  spikes.  The  inner 
bark  of  the  stem  is  flbrous  and  it  is  from  this  that  the  hkmp  fiber 
is  prepared. 

Humtdus  Ltifftilus  or  hop  is  a  twining  perennial  plant,  curving 
to  the  right,  with  opposite,  palmately  3-  to  7-lobed  l^or  simply 
dentate  above;  rough  leaves  (Fig.  136).  The  flowers  are  dioe- 
cious, the  slaminate  ones  occurring  in  panicles  and  the  pistillate 
in  ament-like  spikes.  On  the  inner  surface  of  each  scale  of  the 
ament  occur  two  flowers  consisting  of  a  membranous  perianth 
and  a  hicarpellary  ovary  with  two  long  styles.  After  fertiliza- 
tion the  aments  become  cone-like  and  this  compound  fruit  con- 
stitutes the  hop  *>f  commerce.  Tliis  fruit  differs  essentially  from 
the  true  strobiles  or  cones  of  the  Gymnosperms  in  that  the  seed  in 
the  latter  is  replaced  by  an  akene.  "  Hops  "  are  used  in  medicine 
(p.  582)  and  in  brewing, 

Fictis  Corica.  which  yields  the  oflficial  fig.  is  a  deciduous  tree 
from  3  to  7  M.  high,  and  with  large.  5-Iobed.  petiolatc  leaves. 
The  flowers  are  situated  in  a  liollow  torus,  the  walls  of  which 
after  fertilization  become  thick  and  fleshy  constituting  tl»e  fruit 

(p-syo)- 

A  large  number  of  the  plants  belonging  to  the  Moraceae  yield 
economic  products,  some  of  which,  as  the  drug  Cannabis  indica 
obtained  from  Catttiabis  satira.  are  extremely  poisonous.  Hash- 
ish or  BHAXC  is  a  preparation  made  from  the  dried  leaves,  stems 
and  flowers  of  the  pistillate  plants  and  is  smoked  either  alone  or 
with  tobacco,  or  chewed  in  combination  with  oUier  substances,  or 
an  intoxicating  drink  is  made  from  it.  it  being  extensively  used 
by  the  inhabitants  of  Arabia.  Persia.  India  and  other  oriental 
countries.  Tlie  leaves  of  Ftcus  Ribes  of  the  Philippine  and  Mo- 
lucca Islands  are  smoked  like  opium.    The  mitk-juice  of  a  number 
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noidfs  of  New  Graiiada  and  several  other  species  of  Brazil.  Bro- 
simunt  s/*urium  of  jainaica,  C^cropio  peitata  of  the  West  Indies 
and  South  America,  and  Castilloa  I'hisHca  of  Mexico  ami  the  West 
Indies.  Ficus  bcnfihaUnsis  of  India  and  tropical  Africa,  and 
ficvs  Tsicta  of  India,  yield  giim-lac.  Ficus  altissima  and  /'. 
rdigiosa  of  tropical  Asia  yield  shellac  on  puncture  of  the  stems 
by  a  hcniipterous  insect  {Coccus  hcca). 

A  yellow  coloring  principle  is  found  in  Cudrania  javaticnsis 
of  tropical  Asia  and  Africa,  Chhrophoro  tiiictoria  of  Mexico, 
Madura  aitratttiaca  (Toxylon  pomifcrum)  or  usage  orange,  a 
hcdj^c  plant  of  North  America ;  Ficus  tinctoria  of  the  Kriendly 
Inlands  and  F.  aspcrrima  of  India.  A  fixed  oil  is  obtained  from 
Artocarpus  Blumei  of  Java. 

A  larpc  number  of  the  plants  of  the  Moracea  yield  edible 
fniits  Iwsides  the  fijj^  tree  already  descrtlied,  as  the  nKirxn-FKL'iT 
trees  (  Artocarpus  incisa )  of  the  Suntia  Islands  and  the  jack-trhk 
(A.  inte^rtfoUa)  of  the  l^last  In<lies.  the  wntTK  mi'LBERRY  {Morns 
alba)  and  the  black  mli.bkrry  (Morns  ni^ra). 

The  leaves  of  the  white  mnlberry  {Moms  alba)  indigenous 
to  China  and  cultivated  since  the  twelfth  century  in  Europe  and 
now  in  cultivation  to  a  limited  extent  in  the  United  Slates,  are 
the  chief  food  of  the  silkworm. 

c.  FAMILY  URTICACE.E.— The  plants  belonging  to  the 
Urticacerc  or  Nettle  Family  are  chiefly  herbs  witli  mostly  petiolate, 
stipulate,  simple  leaves.  The  flowers  arc  .small  and  witJi  2  to  5 
distinct  or  more  or  less  unite<i  sepals.  The  fruit  is  an  akenc; 
the  embryo  i.s  straight  and  surmundcd  by  an  oily  endosperm. 
Tlie  stems  and  leaves  of  several  of  the  genera  are  characterized 
by  stinging  hairs,  this  being  especiallv  true  of  the  sub-group  to 
which  the  genus  I  Vlica  or  stinging  nettle  belongs.  ( )f  the  sting- 
ing nettles  the  following  are  used  in  medicine:  Uriica  dtoica  of 
Europe  and  naturalized  in  the  United  States,  U.  spaluhUa  of 
Timor.  Laportca  crcmthta  of  tropical  .^sia.  L.  moroidcs  of 
Queensland,  and  Girarditna  paltitata  of  India.  In  the  small 
nettle  (I'rtica  uretts)  of  Europe  and  the  United  Slates  an  alka- 
loid has  been  found,  and  Laportca  stimuhns  has  been  used  as  a 
fish  poison.  Boehmcria  cordata  of  Brazil  is  used  as  a  substitute 
for  Arnica.    Tlie  fibers  of  a  numl>cr  of  the  Urticacea?  have  been 
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found  useful,  of  wliich  the  following  may  be  mentioned:  Urtica 
tutuiiabifta  of  Asia.  ^^  dioica.  (■'.  urviis  anrj  Bochmcria  niz'ca  of 
ihe  Siinila  Islamic  and  Oiina.  ihc  latter  of  which  yields  Ramil. 
The-  akenc  of  Dcbrc^dtsia  ctiulis  of  Japan  and  tlie  rhizome  of 
Pousolzia  ttibcrosa  of  China  and  Japan  are  edible. 

VII.    MK[JKK    I'ROTEALKS. 

The  mem!>er,s  of  this  group  are  mostly  shrubs  and  found  prin- 
cipally in  the  Tropics  and  southern  hemisphere,  several  species 
being  cullivatefl  ir  greenhcmses  for  the  sake  of  the  beautifully 
colorerl  flowers  which  are  in  crowded  iiillorescences.  'Hie  order 
is  represented  by  but  a  siugle  family,  namely,  the  Protcaceae. 
The  leaves  are  leathery  and  vary  even  im  the  same  plant  from 
.•iimple  to  comjKiund.  The  j^^luctjsitle  proteacin  and  a  bitter  prin- 
ciple are  found  in  Lcucadciuirou  or^cutcum  anrl  L.  concinnum. 
both  nf  Africa.  A  gum-resin  is  fouml  in  Orcz'iUca  robnsta  of 
Australia,  ami  a  tannin  in  the  bark  of  Lomatia  oblitjua  of  Chile. 

A  golden-yellow  a^Ioring  principle  is  obtaincti  from  the 
flowers  of  Persoonkt  siwcata  of  Australia.  The  wood  of  Protea 
^randiflora  of  Abyssinia  is  used  in  wagon  building,  and  Lcuco- 
spermum  cotiocarf>um  of  Cape  Colony  yields  a  valuable  red  woo<l 
and  a  tan  bark. 

Banskia  amuhi  of  Australia  and  the  sugar-bush  {Protea  melli- 
fera)  of  Australia  and  P.  spi'ciosa  have  a  sugary  cell-sap.  The 
oily  seeds  of  the  Chilean  hazelnut  (Gucvina  .UcUana  \  are  highly 
prized  as  food  by  the  inhabitants.  The  seeds  of  Brabcium  stcHati- 
folium  or  wild  chestnut  of  Cape  Colony  arc  poisonous  when  fresh. 
but  on  roasting  they  become  edible  and  are  used  as  a  substitute 
for  coffee. 


VIII.    ORDER    SANTALALES. 

This  order  embraces  a  number  of  families  which  arc  quite 
distinct  in  several  respects. 

a.  LORANTHACE^  OR  MISTLETOE  FAMILY.— Tlie 
plants  are  half-parasites  with  well  developed  leaves  containing 
chloroplastids.     They  live  on  trees  by  means  of  haustoria.    To 
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ihis  family  belongs  the  American  mistletoe  {Phoradendron  tia- 
vescens)  i>arasitic  on  oaks.  eJms,  the  ttipelo  (Ny&sa),  rv<l  maple 
and  oilier  titcitiiioiis  trees.  The  wliile,  globose  berries  of  this 
plant  are  quite  poisonous,  as  are  also  those  of  the  European  mistle- 
toe {Viscum  album)  and  the  oak  mistletoe  of  Southern  Europt 
{Lofttttthus  curopGCxts).  Th*;  fruits  of  this  family  contain  a  sub- 
stance known  as  visciN  which  is  due  lo  the  action  of  an  enzjme. 
This  substance  serves  to  attach  the  seeds  to  the  barks  of  trees, 
where  they  gerniinatc,  and  it  is  used  in  the  manufacture  of  hiiti)- 
LiMic,  which  owing  to  its  viscid  character  is  used  to  catcli  small 
birds. 

b.  SANTALACE^  OR  SANDALWOOD  FAMILY.— 
The  plants  are  chlorophyllous  herbs  or  shrubs  which  are  common 
in  warm  coimiries,  and  many  of  which  arc  parasitic  on  the  roots  of 
other  plants.  A  number  of  them  contain  volatile  oils,  as  the  wixxl 
itf  various  species  of  Santahmi.  The  official  oil  of  santal  is  ob- 
tained from  the  scented  wood  of  the  white  santlalwood  (Santalum 
alhtini)  a  small  tree  growing  wild  and  also  cultivated  in  India  and 
the  East  Indian  Archipelago.  The  wood  from  the  East  Indies  is 
known  as  Macassar  sandal\^ood  and  yields  1.6  to  3  per  cent,  of 
oil.  while  the  Indian  wo<x]  yields  3  to  5  per  cent.  The  oil  consists 
of  90  to  98  per  cent,  of  santalol.  Fiji  oil  of  santal  is  obtainerl  from 
5.  Vast:  and  Australian  oil  of  santal  from  fusanus  acumiuatus 
and  F.  .tpicalus.  The  Chinese  oil  is  obtained  from  Santalum 
Freycinctianutn  and  S.  Preisci. 

c.  FAMILY  BALA NOPHOR^ACE^.— The  plants  of  this 
group  are  indigenous  to  tropical  and  sub-tropical  regions.  Tlicy 
arc  root-parasites  and  develop  tuberous  rhizomes  and  fleshy  shoots 
which  are  yellow  and  without  foliage  leaves.  Balaitophora  chm^ata 
of  Java  grows  on  the  roots  of  Ficus  and  other  plants,  and  contains 
a  large  quantity  of  wax  and  resin.  Sarcof^hyte  sanguinea  of  Cape 
Colony,  which  lives  on  the  roots  of  certain  Acacias,  contains  a 
principle  with  the  odor  of  scatol.  Cynamorium  coccineum.  found 
in  the  countries  bordering  the  Mediterranean,  has  a  blood-red. 
astringent  sap.  The  torus  of  the  flower  of  LangsdorfHa  hyposira 
of  tropical  America  is  edible.  The  plant  is  also  rich  in  wax  and 
in  New  Granada  it  is  sold  under  the  name  of  "  Siejas  "  and 
burnt  like  a  candle. 
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IX.   OKDER  .\HISTOLOCHIALES. 

This  order  incluUt's  two  fannlich  which  arc  very  different  in 
their  general  habits,  (a)  The  Rafflesiaces  are  parasitic  herbs 
that  arc  almost  devoid  of  ch1nropI»>U.  Tlie  reililish  vegetative 
parts  penetrate  into  the  tissues  of  the  bu!>t  and  from  these  arise 
almost  mushroom-like  flowers  whicli  in  the  case  of  RafHcsia 
Amohiii  of  Sumatra  are  i  M.  in  diameter,  being  probably  tlie 
largest  tlowers  known.  The  plants  of  this  family  are  rich  in 
astringent  substances. 

b.  ARISTCJLOCHIACE.^i  OR  RIRTllWORT  FAMILY. 
The  plants  are  non-parasilic  herbs  or  shrubs,  some  of  which  are 
twining.  The  leaves  are  simple  and  in  many  of  the  plants  more 
or  less  cordate  and  reniform.  The  fiowers  are  perfect  and  the 
jwrianth  is  3-  to  6-lobed.  WTiile  the  flowers  of  our  native  s|jccies 
are  rather  small  and  insignificant  those  of  the  tropical  plants 
are  extremely  curious,  being  generally  of  sonic  striking  color  and 
of  various  odd  forms. 

Aristolochia  rftictihto  is  one  of  the  plants  that  furnishes  the 
official  drug  scrpcmaria  (p.  501).  From  a  slender  rhizome  with 
numerous  hair-like  roots,  arise  one  or  more  slwrt.  leafy  branches 
which  are  more  or  less  simple,  somewhat  hairy,  and  bear  oblong- 
cordate,  proniinent-rcliculato.  hairy  leaves  ( Fig.  137).  The 
flowers  .ire  borne  on  slender,  scaly,  basal  branches ;  the  calyx  tube 
is  puri>lish  and  curved  like  the  letter  "  s."  being  enlarged  around 
the  ovary  and  at  its  throat.  The  fruit  is  a  capsule  containing 
numerous  flat  or  concave  seeds.  An  allied  species  Aristolochia 
Serftttitaria  furnishes  the  drug  \'irginia  snakeroot.  It  is  a  more 
delicate  plant,  the  leaves  l>eing  ovate-lanceolate,  acuminate;  the 
flowers  are  t^oHtary.  and  in  some  cases  cleistogamous.  This  spe- 
cies is  found  growing  in  the  United  States,  more  especially  east 
of  the  Mississippi,  while  Aristolochia  reticuhhi  is  found  west  of 
the  Mississippi  from  Arkansas  to  Texas.  The  plants  of  this  genus 
contain  volatile  oils  and  in  a<ldition  to  the  txvo  species  mentioned 
forty-five  other  species  are  use<I  in  medicine  in  varous  parts  of 
the  worUl. 

Asarmn  canadense  (Canada  snakeroot  or  wild  ginger)  is  a 
plant  common  in  the  Northern  Ignited  Stales  and  Canada  (Fig. 
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78.  B).  The  long  and  slender  rliizonivs  are  used  in  medicine. 
They  are  5  to  15  cm.  long.  al>uut  2  mm.  ttiick,  more  or  less  bent 
ami  curved.  pi]ri>lish-liro\vn  externally;  whitish  internally:  the 
hark  la  thick,  wtmd  with  alMmt  1 J  lihruvaiscular  bnn<IIe«>.  fiith  large: 
the  odor  is  aromatic:  the  taste  pnngent  and  Intter.  The  drug  con- 
tains J  to  3  per  cent,  of  a  volatile  oil  containing  a  fragrant  b<Kly. 
asarol ;  a  pungent,  fragrant  resin;  a  yellow  coloring  principle' 
which  is  colored  dark  green  with  ferric  sails;  and  starch.  The 
volatile  oil  ohtained  from  .1.  citrof'irum  contains  a  principle  (asa- 
roncj  which  forms  irritating  vai)ors  on  heating. 


X.   OKDECk    POI-YCON.\I.ES. 

This  order  is  represented  by  a  single  family,  the  1*(»lygon- 
ACE-i:  or  Buckwheat  family.  Tlie  plants  arc  mostly  herbs  but 
inchide  some  twining  vines  am!  shrubs.  Tlie  leaves  arc  simple, 
mostly  entire,  and  characterized  by  having  a  stipulate  appendage 
(,ocrea  I  which  sheaths  the  stctn.  The  flowers  are  small,  perfect 
and  with  a  J-  lo  0-parted  perianth.  The  fruit  is  a  3-  to  4-angled 
akene.  The  embryo  is  either  straight  or  curved,  and  the  cndo- 
sperni  \?>  mealy. 

Hlii'itm  ofHcinalc  is  the  source  of  Chinese  rhubarb  (p.  474 1. 
The  plant  is  a  perennial  herb  resembling  the  common  garden 
rhubarb  or  pieplant  I  Kig.  205).  The  rhizanic  is  vertical  and 
give.*  rise  lo  a  leafy  branch  tenniiiated  b\  the  inflorescence  which 
is  a  panicle.  The  leaves  arc  large,  with  a  sub-cylindrical  petiole, 
a  cordate  or  orlticnlar  lamina  which  is  either  entire  or  coarsely 
and  irregularly  <lenlalc.  There  are  several  nearly  related  species 
which  also  yield  the  drug.  Rheum  ftalmalnm  of  Western  Oiina 
has  leaves  which  are  lohcd  or  deeply  incised,  which  character  is 
especially  marked  in  the  variety  tan^uticum.  Rheum  Rhaf>oiiti- 
cuHi.  wliich  _\Helds  English  rhulKirb.  has  leaves  which  are  heart- 
'>hai)ecl  at  the  base  and  with  a  more  or  less  irregularly  tmdnlalc 
margin.  All  of  these  species  arc  more  or  less  common  in  culti- 
vation in  iKitanical  gardens  in  Europe. 

Riimex  crisf>us  or  ciirk-i!  dock  is  a  perennial  herb  growing  in 
fields  ami  waste  places  in  the  Cniled  States  anfl  parts  of  Canada. 
The   leaves   are    oblong-lanceolate,    with    an    imduUte    margin 
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is  somewhat  fusiform,  reddish -brown  ami  with  a  bitter,  astringent 
taste.  It  contains  chrvsophanic  acid,  tannin,  calcimn  oxalate  and 
some  of  the  other  constituents  founti  in  rhubarb. 

Rumcx  AcctoscUa  {field  or  sheep  sorrel)  is  a  slender  annual 
herb  willi  hastate  leaves,  having  flowers  in  compound  racemes. 
The  leaves  contain  oxalic  acid,  both  free  and  in  conibinalion  with 
calcium  nn<l  potassium. 

Tannin  is  obtained  from  a  number  of  the  plants  belonging  to 
the  Polygonaces,  as  the  root  of  Rumex  hymcnoscpalus  of 
Texas  vvhicli  is  known  as  Canakire;  tlie  rhizome  of  Polvgonnm 
bistorta  of  Europe  which  yields  the  drug  IIistorta. 

The  leaves  of  Polygonum  orientalc  of  China  and  other  parts 
of  Asia  are  smoked  like  tobacco.  Pohf^onum  rivularc  of  the  East 
Indies  is  used  as  a  fish  poison.  Tlie  following  yield  indigo: 
Polygonum  aiatutu  of  tropical  and  sub-tropical  Asia  and  Africa, 
and  P.  tmctorium  of  China.  P.  Hydropiper  and  P.  aviculare. 
botll  common  in  tht  United  States,  arc  poisonous  to  sheep.  The 
latter  plant  when  eaten  by  cows  gives  a  blue  color  to  the  milk. 

A  number  of  the  plants  of  this  family  yield  food  products. 
Buckwheat  is  the  fruit  of  fa^opyrum  escuicntum  indigenous  to 
Central  .A.sia  and  cultivated  in  many  parts  of  the  world. 

Some  are  also  ciiltivatcil  as  ornamental  plants,  as  the  Prince's 
feather  {Polygonum  orientaU). 


Xr.   ORDER   CHENOPODIALES  OR   CENTROSPERMyE. 

This  order  includes  seven  families,  in  all  of  which  the  embryo 
IS  curved  or  coiled,  and  the  reserve  consists  chieflv  of  perisperm. 

a.  CHE.VOPODLACE^  OR  GOOSEFOOf  FAMILY.— 
The  plants  are  annual  or  perennial  herbs  with  simple  leaves  and 
small  perfect  flowers,  the  fruit  I>eing  a  utricle.  Tlie  fruits  of  a 
number  of  the  group  contain  volatile  oil,  and  are  uscil  in  medi- 
cine, as  the  common  wormseed  (Che  no  podium  aiithdminticum), 
which  is  found  in  waste  places  in  the  United  States,  an  allied  spe- 
cies C.  atnbrosittidc:i.  and  other  species  of  Chenopodium  as  well, 
S|>anish  wormseed  is  obtained  from  Anabasis  tamari  set  folia. 

Chenopodium  mexteonum  yiehls  saponin.  Atriplcx  hortensis 
of  Tartary   \ields   indigo.     The  a.sh  of  very  many   species  o£ 
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Atriplcx  as  well  as  gtiicra  of  the  Chenopodiace?e  yields  soda. 
The  seeds  of  several  species  are  edible,  as  of  C  he  u  off  odium  viride 
of  Europe  an<l  Asia.  C.  Quinoa  of  Chile,  etc.  Seeds  of  Sf^inacic 
tetraiidra  of  the  Orient  arc  used  in  bread-making. 

A  number  of  5])ccies  arc  used  as  garden  vegetables,  as  spinach 
[Spinacia  oicracea)  (Fig.  \2\.  C)  and  beet  {Beta  vtd^aris). 

The  SLtiAK  BEET  (Bcta  vulgaris  Rapa)  which  contains  from 
4  to  15  per  cent,  of  cane  sugar  (sucrose)  is  largely  euUivaltd  in 
Germany,  as  well  as  to  some  extent  in  the  Ciiiled  States,  and  is 
an  important  source  of  cane  sugar.  While  the  juice  of  the  beet 
contains  a  larger  ammmt  of  nitrogenous  substances  than  that  of 
the  sugar  cane  it  is  practically  free  from  invert  sugar. 

b.  AM.\R,AXTACK.^.^The  plants  arc  weed-like  and  much 
resemble  the  Cbenoixwliaceje.  They  yield  anthelmintic  principles, 
edible  seeds.  an<l  tlie  leaves  of  a  number  of  species  are  used  as 
vegetables.  The  ash  sielded  by  some  species  contains  potash,  as 
Achyravthcs  aspera  and  Amaramhus  ruber.  Some  arc  orna- 
mental plants  having  a  fasciated  inflorescence,  as  the  CockV 
comh  (  Cetosia  cristata  ) . 

c.  \'YCTA(;iNACE.E  OR  FOUR-O'CLOCK  FAMILY.— 
Tlie  plants  are  mostly  herbs  growing  in  America.  The  leaves  are 
entire  and  simple,  and  the  flowers  are  regular  and  in  terminal  or 
axillary  clusters.  The  perianth  consists  of  a  4-  to  5-lobed  corolla- 
like  calyx.  The  most  omimoii  representative  of  this  family  is  the 
Marvel-of-IVru  or  four-o'clock  iMirabilis  Jalapa).  While  this 
plant  is  an  animal  in  the  I'niled  States,  in  the  Tropics  the  tuberous 
root  is  used  as  a  substitute  for  jalap,  and  is  sometimes  sold  for  it. 
The  seeds  <»f  this  plant  are  e<lible.  as  are  also  the  leaves  of  several 
species,  as  of  Bijcrhavia  crecta,  which  are  used  as  green  vegetables. 
Some  membtrs  of  the  group,  as  Houj^ainxiliea  spcctabiiis.  are 
hanilsome  plants  with  bright  rose-colored  bracts  which  envelop 
the  small  greenish  flowers. 

<i.  I'H  VTOLACCACE.fi.— The  plants  of  this  family  are  most- 
ly tropical  ami  are  represented  in  this  region  by  only  one  species, 
namely,  the  common  poke  {Phytolacca  decaitdra).  the  root  (p. 
4651  and  fruii  (p.  466)  of  which  are  used  in  tnedicinc.  This  is  a 
succulent,  branching  herb  i  to  4  M.  high,  having  a  large  perennial 
root.    The  stem  is  hollow  except  for  the  thin,  papery  partitions. 
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ing  principle  is  found  in  tla-  borries  of  Phytolacca  decandra  and 
Riviuia  tinctoria  of  Venezuela.  The  leaves  of  some  species  of 
rh>'toIacca  are  used  as  greens. 

e.  AlZOACEili. — This  is  a  group  of  mostly  tropical  plants, 
very  many  of  tliem  Iiavitig  fleshy  leaves  an<l  adapted  to  arid 
regions.  Many  ui  tlie  plants,  particularly  those  belonging  to 
the  genus  Mescmbryatithcmum,  are  much  prized  on  arconnt  of 
their  licautiful  llu\\tTs.  which  expand  only  in  the  <innshinc.  The 
common  ice-plant  of  the  gartlens.  so  called  because  of  the  numer- 
nus  ghstcning  globules  of  water  which  cover  the  leaves,  is  M. 
crystailiuum.  Tliis  plant  as  well  as  oiher  specie*  of  Mescmbrj-aii- 
themmn  are  used  in  medicine.  The  ashes  yielded  by  the  plants 
of  this  family  also  contain  soda.  The  seeds  of  sfjme  species  of 
Mcsembryanthennmi  as  well  as  other  members  of  this  family 
are  edible,  and  the  leaves  of  some  species  are  used  as  vegetables 
like  lettuce. 

f.  I'OK'rL'I.ACACE.K— The  plants  are  Heshy  or  succu- 
lent herbs  mostly  indigenous  to  .\nicrica.  The  two  common 
representatives  are  the  spring  l)eauty  ( Claytonia  vir^inica ) . 
the  (ubers  of  which  are  rich  in  starch,  and  purslane  iPortu- 
laca  olcraccn)  sometimes  used  as  a  green  vegetable.  The 
seeds  of  the  latter  plant  as  well  as  of  other  sjKJcies  of  Portulaca 
are  used  in  medicine. 

g.  CARVt  H'H YLLACE.E.— Tlie  plants  are  animal  or 
perennial  herbs  often  swollen  at  the  nodes,  with  opposite,  entire 
leaves,  and  usually  perfect  regular  (lowers.  'I'he  ])erianth  has  a 
distinct  corolla  rif  4  or  5  ]>etals.  The  fruit  is  a  capsule  and  the 
.K-eds  arc  half  anatro])ous.  The  i)lants  arc  most  abundant  in  the 
northern  hemisphere ;  and  some  of  them  are  <|uile  showy,  as  the 
CARNATION  ( Dianthus  carvophylliis)  and  ))inks  [Dianthns  spe- 
cies) and  the  cuitivate<l  pink  or  Sweet  William  ( O,  horhatiis). 
A  number  of  the  members  of  this  group  contain  saponin,  as 
biiimcing  bet  {Safotian'a  oificitialis).  which  is  natundizefl  in  the 
t^iited  States  from  Kuropc,  Gvf'sof'hUii  S/nithinni  of  Spain  and 
other  species  of  this  genus,  as  well  as  s|xrcies  of  Lychnis  and 
Hcniiaria.  The  leaves  of  Paronychia  argeutca  arc  nse<l  in  Mo- 
rocco as  a  substitute  for  lea.  The  roots  of  Sclcratithus  f>crcutiis  of 
Kastem   Europe  are  inhabited  by  an  insect   (Coccus  polonica) 
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wliich  is  used  in  the  preparation  of  a  red  dye.  The  fleshy  stiteh- 
wort  {Alsiuc  crassifoHa)  of  Europe  and  the  United  States  is 
poisonouis  to  horses. 

XII.     ORDER   RAKALES. 

The  plants  are  mostly  herbs  but  include  sonic  shrubs  and  trees, 
and  comprise  eijjht  families  of  economic  iniponancc. 

a.  XVMI'H.KACK.l'.  OK  WATEK  LILV  lAMILV.— 
These  are  a<|iiatic  perennia]  herbs  with  thick  ruol-stocks  and  tloal- 
ing.  peltate  leaves.  The  Howers  are  perfect  and  have  large 
petals.  The  setds  arc  enclosed  in  an  aril  and  the  embryo  has 
rteshy  coi\ledons. 

.\'n/'har  hitcitm  of  Europe  ami  Middle  Asia  contains  the  alka- 
loid nupharinc  ami  tannin,  the  latter  of  which  splits  into  cllagpc 
and  gallic  acids.  The  yellow  (wnd  lily  ( .\'ymf>htra  athrtta  I  of  the 
Unitc<l  States  contains  similar  principles.  The  seeds  ami  rluzomes 
arc  rich  in  starch  and  are  u.wd  as  food,  in  some  cases  starch  iK'ing 
manufactured  from  them,  as  of  various  species  «tf  \\titf>htca, 
Xfiumbo  (I^tus)  and  I'ictoritt.and  Eur\afc  fi'rox. 

b.  RANUNCULACn.^,  OR  CROWFOOT  FAMILY.— 
These  are  annual  or  perennial  herbs  with  simple  or  comjwund 
leaves,  rejjular  or  irrejfular  flowers,  and  fruits  which  art*  nkenes, 
follicles,  or  l>errics. 

Hydrastis  camidcnsis  yields  the  ilrujij  hytlrastis  (p.  4t>8). 
From  a  short,  thick,  horizontal  rhizome  with  numerous  slender 
roots  rises  a  short  stalk  with  a  few  palmately  Idln-d.  reniform^ 
pctiolate,  pubescent  leaves.  The  flowers  are  small.  s.Milary  and 
greenish-white,  ami  the  fruit  is  a  head  of  crimson  berries  some- 
what resembling  the  raspberry  (Fig.  218). 

Ciiiiidfuxa  raccniosa  (black  cohosh  or  black  snakeroot  ►  yields 
the  drug  cimicifuga  (p.  4071-  This  is  a  tall  perennial  lierb  with 
large  knotty  rhizome,  large  decompound  leaves  and  a  long  raceme 
of  white  flowers  (Fig.  140). 

Aconitum  WapcUits  yields  the  oflicia!  drug  aconite  (p.  477V 
This  is  a  perennial  herbaceous  plant  indigenous  to  Europe  and 
extensively  cultivated.  I'rom  a  tuberous  root  arises  a  simple 
leafy  stem  with  palmately  lobed  or  divided  feaves.  ;mu1  large, 
irregidar,  blue  flowers  which  form  a  rather  loose  panicle   (Figs 
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141).     Tlie  sepals  are  five  in  miniber,  the  [wstcnor  upper  otic 
beinc^  larpre  and  hclinet-iJiapeci.    Tlw  petals  are  2  to  5  and  ralhcr 
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small,  the  two  posterior  or  upper  ones  which  are  hooded  and 
concealed  in  the  hclmet-shaptd  sepal  arc  nectar-secrettng  (Fig. 
84,  /i).    The  fruit  is  a  follicle  and  contains  numerous  small  seeds. 
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Pm.  141.  .Kcomtum  NafiMus.  A.  on»  of  the  Ion(t-p*tiolate,  divided  leaves:  B,  epf- 
demul  cdU  ot  lower  suifacc;  c,  an  eiiidemwl  ocU  of  tbc  upper  surface;  D.tranivose  lec- 
Uon  through  one  of  th«  principal  veioa  ahowtng  two  fibcovaacolar  bundlea.  aod  stronely 
ooUeacliymatic  ccUi  bcncBth  the  lower  cjiiderrRia:  E.  one  of  ttve  few  bairs  from  the  petiale: 
P,  UgniMd  liaat  fibers  surrounding  the  sieve  in  the  petiole;  G.  loi^^iitudifial  tectfon  umnigli 
fifanvAKRilu-  bundle  sbawiog  Bpiral  and  rcticutau  irachev  <t).  bu»i  fibers  (b)  and  vine 
of  the  collenchyma  cells  (o),  tnooe  at  the  left  exhibiting  longitudiiml  j^tn*  which  give 
a  cnrstal-hkc  effect. 

Delphinium  Staphisagria.  which  yields  siaphisagria  (p.  427) 
or  stavesacre.  is  a  handsome,  tall,  biennial  larkspur,  with  dark 
green,  palmate,  5-  or  7-!ol)Cil  leaves,  and  blue  or  purplish  flowers 
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in  racenics.    The  flowers  are  rvgonwrphic  and  somewhat  resem- 
ble those  of  Aconite. 

Piii^\TiLL\,  which  was  formerly  official,  is  obtained  from 
several  species  of  Anemone  j;rt)\vinp  in  KnrojH.-.  These  arc  peren- 
nial herUs  (Fig.  76)  with  basal  leaves  which  are  dcq>Iy  lobed 
or  (lissccte'l.  those  of  the  stem  forming  a  kind  of  involucre  near 
the  flower.  The  flowers  are  rather  large  and  with  mimerous 
petaloid  sepals.     The  fruit  is  a  densely  woolly  akene  in  those 


Pin,    i4>-     Trailiiiti    in-ili-niui    tBerbtris     4>7*<'/-<fiiMMl '   A.   fruitmft   fjntnch   with   %  few 
flobulu  benie*;  B,  UoM-cring  bnuicb  with  wvcnJ  ncemM  of  Sowen  In  the  middle  portion. 


Species  which  arc  used  in  medicine.  Tiie  entire  plant  is  used  and 
contains  an  acrirl  volatile  oil  the  principal  constitnent  of  which  is 
an  anemone  camphnr  (anemonol).  Tlic  latter  is  easily  decom- 
posed into  ancmonin,  which  on  fusion  becomes  exceedingly  acrid. 
Similar  principles  arc  foimd  in  other  species  oi  Anemone  as  well 
as  in  certain  si>ecies  of  Ranunadus  (buttercup)  and  Cltmatis 
vitalba  of  Europe. 

Very  many  of  the  other  Ranunculaeeae  coiitain  active  princi- 
ples. The  ghicoside  helleborein,  which  rcsentblts  (Jigitalin  in  its 
medicinal  properties,  is  found  in  Helleborus  nigrr  the  black  hel- 
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LhUORE  of  Europe,  and  pro!»abIv  in  olhcr  species  of  Hellehorus. 
as  well  as  in  Achpo  spicata  x\\c  banebcrry  of  Europe  ami  Adonis 
vernalis  the  false  hellebore  of  luimpt-  an»l  Asia. 

c.  BERlltiRlDACli.i:   OK    UAKllKKKV    KAMILV.— The 
pbnts  iif  this  family  are  herbs  or  shrubs  with  simple  or  compound 


FiC.  taj.     A  KTDup  of  Iratuplantcd  pUnti.  ihcwio^-  In  the  > 
■  Cruiltnv  plant  ol  blue  coha*h  (jLaalopkyiltmt  litahcii 


leaves,  and  flowers  either  single  or  in  racemes  (Kigs.   134,  E: 
Si,  7*).    The  fruit  is  a  berrj-  or  capsuK'. 

Bcrberis  AquifoHum  (trailinjj  malionia)  yields  the  official  drttg 
bcrbcrii  (p.  482).  It  is  a  Unv.  trailinjj  shnib  with  3-  to  7-com- 
pound  leaves  (Fig.  142).  The  leaflets  var\'  from  oval  to  nearly 
orbicular,  are  obtuse  at  the  apex,  slightly  cordate  at  the  base, 
finely  reticulate,  and  spinose-dcntate.  The  flowers  are  yellow  and 
in  dense  terminal  racemes.    The  fruit  is.  a  blue  or  purplish  berrj*. 
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CauhphyUum  thalictroidcs  or  blue  coliosh  of  the  Eastcni 
Uniteii  States  is  a  perennial  lierb  with  a  thick  rhizome  and  large 
tenialely  compound  leaves  ( i'iff.  143).  The  flowers  are  small 
and  greeiiish-purplc.  ITic  fruit  is  peculiar  in  that  it  resembles  a 
berry  and  consists  only  of  blue,  globular.  tiake<l  seeds,  the  pericarp 
being  ruptured  and  falling  away  soon  after  fertilization.  The 
rhizome  and  roots  were  formerly  official.  It  is  a  liorlzontal,  mucli 
branched  rhizome  with  broad,  concave  stem-scars,  and  numerous 
roots;  it  is  grayish-brown  externally,  sweetish,  slightly  bitter  and 
somewhat  acrid.  The  drug  contains  an  acrid,  saijonin-like  gluco- 
side.  leontin;  a  crystalline  alkaloid,  caiiluphylline;  two  resins;  and 
slorch. 

Podophyllum  pcltatum  or  May  apple  is  the  source  of  the  of- 
ficial ixjdophytlum  (p.  506).  This  is  an  early,  herbaceous,  i>cren- 
nial  plant  fonning  large  patches  by  reason  of  its  long  dichoto- 
mously  branching  rhizome  (I'ig.  222).  It  fnnns  two  kinds  of 
branches,  one  bearing  a  single,  peltate,  5-  to  7-lo1>ed  leaf;  and 
anotht-r  hearing  in  the  axil  of  two  similar  leaves  a  white  flower 
which  gives  rise  to  a  large,  yellowish,  ovoid  berrv  which  is  etlible. 

d.  ME\ISPKRN!ACE^  OR  MOONSEED  FAMILY.— 
The  plants  are  climbing  or  twining,  herbaceous  or  woody  vines 
with  simple,  entire  or  lobed  leaves  and  small,  greenish-white  dioe- 
cious flowers.  The  fniit  is  a  drupe  and  contains  a  characteristic 
crescent -shaped  seed. 

Mcttispcrmum  catiadetise  or  Canada  moonseed  yields  the  drug 
menispcrmum  which  was  formerly  official.  It  grows  in  the  North- 
cm  rnite<l  States  and  Cana<la  and  is  a  high-climbing  vine  with 
broadly  ovate,  cordate  and  3-  to  7-lobcd  leaves  CFig.  65  >.  The 
flowers  are  in  panicles  giving  rise  to  a  characteristic  cUister  of 
bluish-black  berries. 

The  rhizome  occurs  in  pieces  which  arc  5  tn  7  dm.  long 
and  2  to  5  mm.  in  diameter;  externally  it  is  longitudinally 
wrinkled,  of  a  yellowish-brown  color  and  somewhat  resembles 
Sarsaparilla.  In  transverse  section,  however,  it  is  very  distinct 
fFig.  ti5).  The  drug  has  a  hitter  taste  and  contains  a  bitter 
alkaloid  menispine.  berberlne  and  starch.  In  addition  it  contains 
the  alkaloid  oxyacanthine  which  is  also  found  in  Bcrbcris  vulgaris 
of  Europe  and  the  West  Indies. 
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Jaicorhha  ftalntala  yivUU  llic  nftioal  «lrv»g  calumba  (p.  45y). 
The  plant  U  a  hcrhaccuiis  cliinlK-r  somewhat  rcscnibliiij;  Meiii- 
spi-rmitin,  ihc  leaves  heiiij^  more  deciiledly  lolu'd.  Tlie  tlowcrs 
form  long  racemes. 

Chondnuicndrtin  tomi-ntositm.  the  source  of  the  uAicial  <lrug 
pareira  |  p.  4f>o).  is  a  high  wixhIv  twiner.  The  leaves  arc  large, 
peliolate,  l>nia<ll\  ovate  or  rounded,  slightly  cordate,  and  densely 
tomentoM-  on  the  lower  surface. 

.Inamirta  fanicuhta  is  a  woody  climber  of  the  East  Indies. 
The  frnils,  known  as  fishherries  or  Cuccixus,  are  used  as  a  fish 
]Mjisrm  l>y  the  natives  and  nmtain  the  neutral  principle  picrotoxin. 

Wry  many  othtT  plants  of  the  Mcnispennace:e  c(»ntain 
powerful  toxic  principles  and  are  used  as  Rsh  jxjisuns  and  as  anti- 
dotes to  snake  poison.  Several  species  of  Abuta  are  used  in  the 
preparation  of  curare  poison. 

e.  MAGNOLIACE^  OR  M.\G.VOUA  F.VMILY.— The 
plants  arc  mostly  trees  or  shrubs  and  arc  repre-'ienteil  in  the  I  'nited 
Slates  by  the  magnulias  and  tulij)  tree  i  Liriotlciitinm  tu!if*ifcra\. 
The  latter  is  a  magnificent  tree  with  characteristic  leaves  (Fig. 
74)  and  large,  fragrant,  orange-culured.  tuHp-like  tlowirs. 

The  plants  of  this  family  contain  a  variety  of  constituents. 
Kthcreid  (»Is  containing  anethol  and  resembhng  tliose  of  anise 
are  found  in  the  fruit  of  (Uicium  aiiisottint  (I.  rcntm)  or  star 
ANisi-.,  a  small  evergreen  (ree  growing  in  the  mountains  of  South- 
em  China.  A  volatile  nil  with  a  tlisagreeable  odor  is  found  in  a 
closely  relaie<l  species  /.  rclii^iosum  I  Shikiini )  of  Japan.  The 
fruit  of  the  latter  plant  is  known  as  J.\r.\NK.si-:  st.\h  .wL-in  and 
contains  in  addition  n  poisonous  neutral  principle.  Tile  fruits  of 
hrjth  star  anise  ( lllicium  )  and  the  Ja]>anesc  star  anise  are  made  up 
of  ft  to  8  radiallv  arranged  follicles,  which  arc  dark  brown,  de- 
hiscent on  the  upper  ( ventral )  surface  and  each  c<)ntains  a  single, 
brown,  ."ihiny  seed.  Star  anise  lias  an  odor  and  taste  resembling 
anise.  Japatiese  star  anise  has  a  flitter  taste  and  in  addition  is 
brownish-black,  very  wondy  and  strongl\  heaked 

Volatile  oils  are  also  found  in  the  flowers  of  the  various  species 
of  Magnolia  and  m  Michcfui  Cfiatnpncd  found  in  the  Malay  ,\rchi- 
pelago  and  cultivated  in  India  and  Brazil,  and  in  M.  uUa^irica  of 
India,  the  lalter  being  used  in  perfumery. 
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Winter's  bark  is  derived  from  Dritnys  H'itttvn.  a  shrub  of 
South  America.  It  ocairs  in  i|uills  which  are  from  5  to  lo  mm. 
thick ;  cxtL'rnally  it  is  gra\ish-hro\vn  and  covered  with  mirticrons 
lichens;  the  fracture  is  short,  the  broken  surface  being  marked 
by  stone  cells  and  resin  canals :  the  odor  is  frag;rant :  taste  aro- 
matic, pnnsent  and  bitter.  The  ilrng  contains  a  volatile  oil  which 
consists  essentially  of  a  hydrocarbon  known  as  winterin ;  it  also 
contains  a  rt-sin. 

A  cr\stallim-  princi])le  majjn<ilin.  a  glucosirle  and  a  volatile 
oil  are  found  in  Magnolia  macropbyUa  (or  cucumber-tree  of  the 
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Southern  States)  and  St.  Iripetala  or  umbrella  tree  .Ejrowintj 
southward  frnni  Pennsylvania.  A  hitter  principle  llrindendrin.  :i 
volatile  oil.  an  atkalnid.  and  n  ^Incoside  arc  found  in  the  tulip 
poplar  or  tulip  tree. 

The  bitter  and  aromatic  bark  of  Michclia  monhma  of  Java  is 
useil  like  cascarilla  ( Kuphorhiacca?).  A  bitter  resin  is  found  \r\ 
the  fruit  of  Tahiiitta  Pluimcri  of  the  Antilles. 

A  Rlucoside  which  dissolves  the  blood  coqjusclcs  is  fountl  in 
Tohunia  macrocarf*a  of  Mexico.  .\  red  coloring  principle  snUilile 
in  water  occurs  in  the  leaves  of  Michclia  tsiampaca  of  Java.  Tlic 
fruits   of  Schizandra   f^rofiinqna   of   Nepal   and   Kadsura    Rox' 
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nutmeg,  as  Xfonocarpia  Blancoi  of  Africa  and  Jamaica.  The 
flowers  of  Camnga  odorata  of  tropical  counirics  arc  used  in  the 
preparation  of  a  iwniade  from  wliich  the  perfiiine  V'lamg-ylang 
is  made.  Ediereal  oils  are  also  found  in  other  sjwcies,  as  Uuona 
tigiihris  of  Ambo\*na,  the  see<ls  of  which  are  used  in  perfumery. 
The  I>ark  of  Pop&zvia  pisocarpa  of  Java  cuntains  an  alkaloid. 

The  seeds  of  Xylopia  salicifolia  of  'i'rinidad  and  A',  miiruaia  of 
Jamaica  are  verj'  bitter,  as  are  also  the  wood  and  bark  of  X.  glabra 
of  the  West  Indies. 

The  seeds  of  .'tsimina  triloba  the  Xorth  American  papaw 
(Fig.  145).  contain  an  emetic  principle.  This  plant  should  not 
be  coniotnidefl  with  Carica  Papaya  (CaricaceicJ  which  contains 
Uic  fenneni  papain. 

Many  of  the  Anotiaceae  yield  large  succident  fruits,  some  of 
which  are  edible,  as  the  sugar  apple  obtained  from  Attoita  S(juci- 
iiiosa  and  cistard  apple  from  A.  reticulata  both  abundant  in  the 
Tropics.  The  fruit  of  A,  nturicata  sometimes  weighs  as  much  as 
two  Kilograms. 

g.  MVRISTICACE^  OR  XUTME(^.  FAMILY.— This 
family  is  represented  by  the  single  genus  Myristica.  Nutmeg  (p. 
439)  and  mace  are  obtained  from  MyristUa  frtij^rans,  an  evergreen 
tree  with  ovate,  petiolate,  coriaceous,  entire  and  pinnateiy-veined 
leaves.  The  flowers  are  small,  yellow  and  dicecious.  The  fruit 
is  a  berry  having  somewhat  the  shape  and  size  of  the  green 
fruit  of  black  walnut.  Jt  lias  a  line  of  dehiscence,  and  when  ripe 
is  yellow.  The  arillode  of  the  seed  constitutes  mace  while  the 
kernel  is  the  xltmeg,  the  pericarp  of  the  fruit  and  coat  of  the 
seed  being  rejected. 

h.  LAURACEJE  OR  LAUREL  FAMILY.— The  members 
of  this  family  are  chiefly  shrubs  and  trees  which  are  distributed 
mostly  in  the  Tropics  although  a  few  are  found  in  the  temperate 
zones  (Fig.  134.  f)- 

Sassafras  offic'male. — This  is  a  tree  common  in  tlie  eastern  and 
central  portion  of  the  United  States  an<I  is  characterized  by  its 
rough  hark  and  its  i-  to  3-lobed  leaves,  from  whence  it  received 
its  former  name  Sassafras  ■t'oriifoHum  (Fig.  73).  The  flowers 
are  yellow,  ditt'cious  and  appear  in  the  spring  before  the  leaves. 
The  fruit  is  an  oblong,  blue  drupe  (p.  539). 
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mon  (bark)  is  also  obtaineJ  from  Cassia  Hunitauni.  Saigon  cin- 
namon (p.  513)  is  derived  apparently  from  wild  irecs  growing  in 
the  moimtainous  re^ons  of  Anam.  tlie  botanical  orlg^iii  of  whicli 
has  m*l  been  detenninefl. 

The  volatile  oils  of  the  members  of  the  l-auracese  vary  con- 
siderably in  c<^mposition.  In  adclitmn  to  the  oils  of  Sassafras 
an<l  Cinnamon  the  follow injr  may  Ix*  mentioned:  A  cinneoi.- 
containinjj  <»il  is  found  in  Cititiamonntm  Olivcri  of  Australia. 
Umbclluhria  caiifornica  of  Western  \urth  America  and  Laurus 
nobilis  the  nnhlc  lanrc-l  of  the  Mediterranean  and  Mexicn.  A  roh- 
NKoi.-containinjjoilisobtaincd  from  the  root  of  DicypcUium  caryo- 
pUylhtum  <a  <iiiianH.  the  won<l  of  which  is  known  in  Cayenne  as 
rose-W(«id.  An  oil  containing  a  notable  amount  nf  mictiivl  sai.i- 
cvLATK  is  obtained  from  the  spice-bush  {Lindcra  Bnisoin)  of  the 
Cniterl  Stale**. 

Cinnanio»tnm  Ctimphora.  or  the  camphor  tree,  is  indigenous  to 
China.  Japan  and  I'^ormosa.  and  is  now  cidlivalcd  in  many  warm 
cdiinlrie?  as  a  sha<le  and  ornamental  tree,  growing  very  well  in 
Southern  California  and  the  Southeastern  Stales.  All  parts  of 
the  tree  wnlain  a  vi>latile  oil  which  on  oxidation  yields  camphor 
which  latter  is  obtained  hy  distillation  and  sublimation.  Camphor 
of  jxMDr  (Quality  is  obtained  from  C.  Parthcnoxylon  nf  Bumiali. 
Malaya  and  China,  and  C.  i^hmHulifcrum  of  the  Himalayas.  Cam- 
phor is  also  a  constituent  of  other  ethereal  oils  of  this  .'fame  family, 
as  the  Massoy  Iwrk  oil  obtained  from  the  mot  hark  of  C.  ctrylait' 
icunt  anti  C.  BuntMuni  of  Java. 

A  EU<;KNfir, -containing  volatile  oil  is  obtained  from  Ravensara 
aromattca  of  Mad.igascar.  and  Machihts  Thnnhcri^ii  of  Japan. 
Eugenol  is  also  found  in  oil  of  laurel  leaves  (L.  nobilis),  Massoy 
iKirk  oil,  the  oil  of  the  leaves  of  Ceylon  cinnamon,  anrl  the  oils 
obtained  from  Cinnantomutn  CuHhwatt  of  the  Malay  Peninsula 
and  China,  and  C.  U'i^hlii  of  East  India,  and  )>ossil»ly  is  also 
foun<l  in  DicypclUum  caryophyUafum. 

The  wood  and  the  bark  of  Xectandra  or  Beeljeru  iSectandra 
Hodiffi)  of  (vuiana  and  Brazil  contain  several  alkaloids,  one  of 
which  is  known  as  bceberinc  and  is  supposed  to  be  identical  with 
the  alkaloitls  in  Ruxtis  scmpcrt'ircus  iTam.  RiixaccTt  :  pclosine 
found  in  Pareira ;  and  paricine  found  in  the  bark  of  the  cultivated 
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latex.  The  rhizome  is  horizonial.  short  and  thick,  and  gives  rise 
10  a  single,  i>etiolate.  palmalely  5-  to  9-lobed  leaf  and  a  single 
while  llowcr  with  a  long  peduncle  (  Fig.  148).  The  capsule  is  ob- 
long. 2-valved  and  contains  a  nnmber  of  smooth  but  crested  seeds. 
ChcUdoniHm  ma  jus  (celandine)  is  the  source  of  the  Iierb 
ciiELiDOxivM  which  was  formerly  official.  The  plant  is  a  delicate 
branching  herb  about  0,5  M.  high;  with  alternate,  deeply  pinnati- 


A 
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Pio.  147.  A.  OfMuin  poppjr  {Popaver  semmiftmmi:  B,  Caltforaia  poppy  lEtchtclull- 
tia  catif'>tMi(c)  showing  Aowcr  (a),  and  cap«ul«»  (b,  c).  ooe  erf  which  <c)  (•  dehZKmt. — Afirr 
Schiinper. 

Ad  leaves;  yellow  flowers;  slender  elongated  capsule  resembling 
that  of  the  mustards,  and  a  yellow  latex  in  every  part.  Celandine- 
is  indigenous  tu  Eurupe  and  Asia  and  is  conunon  in  waste  places 
in  the  L'nited  States.  The  drug  contains  the  following  alkaloids: 
Chelidonine  (identical  with  st}lopborine),  chelerythrine  (which 
is  fluorescent),  and  protopine  (found  also  in  opium  and  sangui- 
naria).  It  also  contains  a  bitter  neutral  principle  chelidoxanthin 
and  several  organic  acids. 
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To  tliis  family  belong  a  munbtr  of  other  plants  which  cotitaiii 
principles  similar  to  or  idcinic;i)  wiili  ijiost*  foun<i  in  Sangiiinaria 
and  Lhelidoniuin.  aiul  of  lliose  tht  folluwinp  art*  commtm  in  (Ik* 
I'nited  Staters:  YfUow  or  ci^laniline  p«)ppy  {Styhphorum  diphyf- 
htm'i  and  the  Dutchman's  breeches  {Bicuculh  Cnculhr'ta). 

The  alkaloid  I'Rotoimnk  (  fumarinci  is  found  in  the  foMowinp 
plants  of  this  family:  Sati^tiiuario  ctiuadt'ttsis ;  Chclidonium 
majus;  St^hphorunt  diphyUitm:  fisclischoltcia  califontica:  Gtau- 


init  i-SowcmJ  scapes,  kod  the  polnutuly  veined  and  lubn]  Icbvcsi 

cium  cornicuUitum  of  Middle  Euro]>c :  Bicticttlfa  CucuUaria;  Ad- 
inmia  fun^osa,  the  cliinbiiii!-  fumitory  of  the  United  States  and 
Canada:  Fuimiria  ofJJcinalis.  the  fumitory  of  Kuroix*,  which  is 
naturalized  in  the  United  Slates  and  Canada:  Bocconia  cordata 
of  China  and  Ja]>an,  and  B.  frutrsccns  of  the  West  Indies,  Mexico 
and  I*aragriiay. 

The  tubers  of  squirrel  com  or  corydalis  {Biatculia  canadensis) 
contain  the  alkaloid  cor\'daIine. 
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b.  CRUCIFER/E  OR  ML'STARD  FAMILY.— These  arc 
herbaceous  plants  with  characteristic  Bowers  and  fruits.  The 
llowers  have  four  sepals  in  two  sets,  four  petals  which  are  tuorc  or 
less  spreading  and  clawed  at  the  base,  and  six  stamens  which  are 
Utradynanious  ^Fig.  134.  B).  The  fruit  is  a  2-ceIled  silique  or 
silicic,  which  varies  in  shape  in  the  different  jjenera  il'tg.  89). 

Sinaf'is  aibit  (while  mustard  J. — The  plant  is  a  slt-nder,  l>ranc!i- 
ing.  more  or  less  hispid  (bristly  hairy)  annual  or  biennial  herb 
usually  less  than  0.5  M.  high,  with  deeply  pinnatifid  lower  leaves 
antl  lanceolate,  denlate  upper  leaves.  The  flowers  are  yellow,  and 
the  sili(iue  is  densely  hispid,  constricted  between  the  seeds  and 
terminated  hy  a  lonjj.  flat,  sword-like  lK*ak.  The  seeds  are  official 
as  white  mustard  {p.  428)  hul  are  known  in  coninieroe  as  yellow 
mustard. 

Brussicii  nt);rti  or  black  iniistaril.  the  seeds  of  which  constitute 
the  official  black  mustard  ( ]>.  42t>),  is  a  larger,  more  branching 
plant  than  Sinapis  alba,  being  from  1  to  3  M.  high.  "Hic  silique 
is  slwner,  more  cylindrical  and  with  a  slender,  filifomi  beak. 

Glucosides  similar  to  those  which  occur  in  Sinaims  ai.ua  and 
I^KASsiCA  Nic.KA.  are  also  found  in  other  species  of  Sin.m'is  and 
BiiASSitA,  as  well  as  in  the  following  plants,  bni  the  oils  produced 
are  not  identical;  llorsera<lish  {  Koripo  .^nnoracea).  the  oil  being 
simitar  to  volatile  oil  of  mustard;  water  cress  {R.  Nasturtium)  : 
garden  ra<tish  {Raf^linitiis  satk'tis)'.  Sisymbrhun  AUiaria  of 
Fnrope.  and  the  hedge  nmstaril  {S.  ofUciiiaff)  naturalized  in  the 
I'nited  States;  xirRNii-  {Brassica  rapa)  of  Europe:  field  penny- 
cress  I  Thlasf>i  nn'cnsi')  of  Asia  and  found  in  waste  jilaces  in  the 
ICaslern  and  Middle  L'nited  Stales;  the  narrow  leaved  iK-p|KT- 
grass  I  Lcffitiiuiii  ntdcrale)  naturalized  from  Europe:  scnrv_\ -grass 
{Cochlcarhi  officiualis)  of  Northern  and  Middle  Europe,  the  herb 
of  whidi.  known  as  Hkkua  aicHt.KAHi.-K.  is  use<l  in  inerlicine ; 
"  Ho.VF.sTv  "  { Lunaria  annual  common  in  cultivation  ou  account 
of  the  oniamental  use  of  the  dry  pods :  Parrya  inacrocarpu  of 
Southern  Europe;  treacle  nmslard  i  P.rysimtim  chciranthouics)  of 
Northern  Europe  and  the  L'nited  Slates,  and  garhc  mustard  (B. 
.lllitxria\. 

The  seeds  of  most  of  the  Cruciferic  arc  also  rich  in  fixed  oils, 
and  the  commercial  oils  are  obtained  from  the  following  species: 
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Wild  mustard  or  cliarlock  {Brassica  arvctisU)  naturalized  in  the 
United  States  from  Europe ;  Hcspcris  tristis  of  Southern  Europe ; 
cahbage  {Hrassicu  olcraccu).  An  isi>iM)-forminK  glucoside  is 
found  in  Isattx  tinctoria  of  Europe  ami  /.  iudi^otica  of  China; 
AVj/io  ptiiticuiata  of  Eurojw  and  the  Orient ;  and  Lcpidium  owai- 
lucnsc  of  the  Hawaiian  Islands.  Shepherd's  purse  {CapscUa 
Bttrso-pastoris)  contains  an  alkaloid  (bursine)  and  tannin.  The 
leaves  and  roots  of  many  of  the  Crucifcrae  arc  used  as  garden 
vegetables,  and  some  arc  cultivated  as  ornamental  plants,  as  sweet 
alyssuni  which  is  a  cuUivatcd  variety  of  .-Hyssiiru  wantinium  of 
Europe. 

c.  There  are  several  other  families  of  the  Rhceadalcs  which 
>*ield  economic  products.  The  Resei>ace.k  inchidc  the  migno- 
nette {Keseda  odorata)  the  flowers  of  which  yield  a  fragrant  vola- 
tile oil ;  and  R.  littcola  of  Europe  which  contains  a  yellow  coloring 
principle  and  also  an  anthelmintic  principle.  The  Moringace*: 
comprise  a  single  genus.  Moringa.  The  root  of  M.  olifcra  of 
tropical  and  stih-tropical  countries  contains  a  volatile  oil  resem- 
bhng  the  volatile  oil  of  mustard,  and  the  stem  yields  an  astringent 
gum  resembling  that  of  Bombax  malabaricum  (Bombacex). 

XIV.    MHDER    SAKRACENIALtS. 

This  order  includes  several  families  which  are  of  special  inter- 
est because  of  the  fact  that  the  leaves  are  of  peculiar  cxinstruction 
and  adapted  to  the  catching  and  digestion  of  insects  (Fig.  yy). 

Probably  all  uf  the  plants  of  tliis  order  produce  proteolytic 
fennents  resembling  those  in  the  pine-api)le  and  are  ca|>able  of 
acting  upon  and  digesting  animal  substance.  Some  writers  have 
supposed  ihflt  the  properties  of  these  plants  might  be  due  to  bac- 
teria present  in  the  liquid  contained  in  the  pitchers  of  the  leaves, 
but  there  seems  to  be  no  question  that  a  distinct  enzyme  resem- 
bling trypsin  is  formed  in  those  plants  which  have  l>cen  studied. 

(a)  The  genus  Sarracenia  of  the  family  .'>AKKArKNiACK.^  or 
pitcher-plant  family,  is  represented  in  the  United  States  by  a 
number  of  species.  The  rhizome  and  roots  of  Sarraccuia  purpurea 
contain  several  alkaloids,  one  of  which,  sarraccnine,  seems  m  have 
some  resemblance  to  vcratrinc.     (b)  The  Droserace.«  or  sun- 1 
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dew  family  includes  the  Droseras  or  sundew  plants  and  Dionaea 
vtiiscipula  tlie  Venus's  flytrap  of  Nortli  Carolina.  A  number  of 
species  of  Drosora  probably  contain  the  red  coloring  principle 
which  has  been  isolated  from  the  rhizomes  of  D.  IChittokcrii  of 
Australia  and  is  a  derivative  of  methylnaphthoquinonc.  Citric 
acid  has  been  found  in  D.  longifoHa,  a  sundew  cunnnon  in  the 
United  States  as  well  as  in  Europe  and  .Vsia.  (c)  Tht  family 
Nei'enthace*  contains  the  single  genus  Nepenthes,  several  spe- 
cies of  which  are  extensively  cultivated  in  greenhouses.  The 
leaves  and  roots  of  A".  Boschiamt  of  Bonieo  coiuain  an  astringent 
principle. 

XV.      OKDRK    ROS.\LP.S. 

The  plant.s  range  from  herbs  to  shrubs  and  trees  and  have 
complete  flowers  which  are  mostly  |KTifjynous.  The  carpels  are 
solitary,  or  several  either  distinct  or  united. 

a.  POTX_)STEMACE.1i:  OR  RI\'ER-WEED  FAMILY.— 
The  plants  are  aquatic  anrl  more  or  less  alpa-like.  and  art  repre- 
sented in  the  I'nited  States  by  the  river-weed  [l*odostcmon 
ceratophyllum)  which  is  a  densely  tufted  plant  found  in  running 
water  attached  to  stones.  The  ash  of  these  plants  contains  a 
considerable  amount  of  sodium  chloride,  the  ash  of  Mourera  li'cJ- 
deliiana  of  Brazil  containing  50  per  cent,  of  salt  and  being  used 
as  a  source  of  table  salt. 

bf  CR^\SSL'LACE.E  OR  ORPINE  FAMILY.— The  plants 
arc  chiefly  succulent  herbs  and  represcnte<I  by  such  plants  as 
houselcck  (Sentf'crfiviiin  tcclonim).  which  is  cultivated  Inrg^ely  as 
an  ornamental  plant,  and  tlie  common  sedums,  of  which  tlierc  are 
ntnnerous  species  in  temperate  regions.  The  common  mossy 
stonecrop  or  wall-pepper  (Scdutii  acre)  naturalized  in  the 
Xorthern  United  States  contains  a  ferment  capable  of  dissolvinff 
the  membrane  formed  in  diphtheria  and  croup:  Seinf>erz'iviiin 
hitlsamifenim  of  the  Canary  Islands  contains  a  substance  resem- 
bling the  vtscin  loiind  in  certain  Loranthaceae.  Ditch  or  \*irginia 
stonecrop  {PcnlUornm  sedoidcs)  contains  tannin. 

c.  SAXIFRAGACE.E  OR  SAXIFR.\GE  FAMILY.— The 
plants  are  mostly  found  in  temperate  regions  an<l  among  the 
important   members   are   mitreworl    {Mtteih),    false   mitrewort 
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[^Tiarcilu  cordifolia),  ahun  root  {Untchvra  amcricauti } .  golden 
saxitrage  (Chrysosf*leuiiini},  grass  of  Parnassus  (Parnassia)^ 
mock  oranfjfc  {J'hUadcl/thiis  loronanits)  and  the  wild  h>drangea 
{Ilyiirutixca  tirborcsceiis ) . 

The  plants  arc  rich  in  tannin,  as  ilic  alum  root  of  l£astcm  and 
Central  Xortli  Anicrica.  which  contains  lo  to  20  per  cent,  of 
tannin.  A  ^rlucosidc  liydrangin,  a  volatile  oil,  .-iml  iKissibly  also 
a  saponin  arc  foimd  in  "seven  harks"  or  wild  hydrangea  {H. 
arhori'Stctts i :  a  glucoside  is  also  found  in  the  root  nf  garden 
hydranjjeii  [H.  pauicuiata  ^iiraitiUffora). 

d.  GKUSSLLAKIACIi:^t:>RG(K)SKnKRRV  TAMILV.— 
The  family  includes  the  single  genus  Ribcs.  These  arc  more  or 
less  spinitus  shrubs  with  aiternate  or  fascicled,  more  »»r  less  pul>cs- 
cent,  3-  to  7-Iobcri  petiolatc  leaves.  The  flowers  are  solitary,  as 
in  gooseberry  or  in  racemes,  as  in  the  currants.  The  fruit  is  an 
inferior  globular  berry.  The  cultivated  cl'KHants  arc  varieties 
of  Ribes  rubntm:  the  cultivate*!  ohiseiikrkiks  are  varieties  of 
/?.  t'TVi-irispa.  liotli  of  these  plants  are  natives  of  Rurope  and 
Asia  and  have  escapecl  fnmi  cidtivation  in  the  L'nited  States  and 
Canada.  The  fruits  contain  fruit-acids  and  fruit-sugars  and  arc 
used  In  a  variety  of  ways.  The  fetid  currant  {Ribcs  prnstratioit) 
has  a  very  fetid  odor  and  jt  is  said  that  the  dowers  i>f  the  butfalo 
currant  (Ribcs  aurcum)  contain  hvdrocvanic  ncid. 

e  MAMAMFXIDACK.K  (  )r' Wifci  IHAZKI.  FAMILY. 
The  plants  arc  shrubs  or  trees  and  are  most  aliundant  hi  sub- 
tropical countries. 

HatuamcUs  z-irf^itiiami,  or  wltchhazel.  the  leaves  (p.  fiio)  and 
hark  (p.  527  I  of  which  are  official,  is  a  shrub  which  is  especially 
characterizcfl  by  its  asymmetric,  undulate  leaves  and  by  its  produc- 
ing flowers  in  the  autumn  when  the  leaves  are  falling  and  the 
mature,  but  not  ripe,  capsules  of  the  preceding  year  are  still 
present  ( Fig.  264"). 

I.itfuiifiimbar  S/yruciftiin  or  sweet  gimi-trec  of  the  Xtlantic 
coa.st  of  the  l'nitc<l  States  and  Mexico,  is  a  tall  tree  with  charac- 
teristic cork-wings  on  the  branches;  3-  to  7-Iobed,  petiolatc.  finely 
serrate  leaves :  monorcious  flowers,  and  a  spiny,  globular,  capsular 
fruit.  The  tree  yields  a  Iwlsain  allied  to  the  official  styrax  (p. 
679),  which  is  obtaine<I  from  a  very  similar  tree  {L.  arietftalis). 
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f.  ROSACEA  OK  ROSE  1-A.MlLY.— The  plants  are  herbs, 
shmbs  ur  trees  usually  with  alternate,  stipulate,  simple  or  cum- 
pouncl  leaves,  and  rojfular  perlect  (lowers  with  or  without  jietals. 
and  nnmcrous  stamens  ( I'ij;.  154.  IJ).  The  fruit  is  a  pome,  drupe, 
iollicic  or  akene  {i'ig.  Hg). 

Fruttits  st'rotiuii  or  wild  black  cherry  is  a  tree  varying  from 
10  to  30  M.  in  hoifflu.  with  a  more  or  less  smooth  hark  marked  hy 
prominent  iransvcrw  Icnticels.  and  showing  a  tendeno'  to  peel 
off  in  semicircular  pieces,  which  gives  the  older  bark,  which  is 
more  or  less  black,  a  mnghetied  appearance.  The  leaves  and  inner 
Imrk  have  an  aKfceable  aromatic  oilor;  the  leaves  are  oval-  or 
ohlonR- lanceolate,  acute  or  acuminate,  serrate.  liie  teeth  heinp 
glandular;  the  Howers  are  white  nnd  in  racemes;  the  fruit  is  a 
dark  purple  or  blackish,  jj'^^hular  drupe  {I'ig.  235).  The  nearly 
relate<l  species  wild  cherry  or  chuke  cherry  [Pninus  virglmann) 
is  a  shrub  or  small  tree  with  hroa«lly  oval,  acuminate  leaves,  red 
or  nearly  black  drupes,  and  flowers  and  fruits  several  weeks 
earlier  than  P.  scrotina  (p.  538). 

Pnmus  .  imyfitioius  is  a  small  tree  reseinblhig  somewhat  the 
peach  tree,  The  leaves  are  lanceolate,  serrate:  the  flowers  arc 
rose-colored,  ami  the  fruit  is  a  dehiscent  drupe  in  which  the 
leathery  sarcocarp  sejanites  from  the  emliK-arp,  «  hicli  latter,  with 
the  seed  whicli  it  encloses,  constitutes  (he  almond  of  (he  market 
(Fig.  187).  The  kernels  of  some  of  the  see»ls  are  bitter  (bitter 
almonils,  p.  433).  aiul  some  are  bland  antl  free  from  bitterness. 
By  a  process  of  selection  plants  yiekling  (he  latter  are  now  ex- 
tensively cultivated  in  sid>-tropical  and  warm-temperate  regions, 
and  yielil  the  sweet  almond  (p.  434)  of  the  niarkel.  In  Turke- 
stan some  of  the  almonds  liavc  a  smooth  cndocarp. 

A  glucosidal  substance  having  the  fjro^xrties  of  aniygdalln  is 
found  in  the  buds,  leaves,  hark  ami  seeds,  more  especially  the 
latter,  of  some  members  of  the  following  genera:  Prunus.  Sorhus 
(mountain  ashl.  Cntnncastcr.  .Nmelanchier.  and  Eriolwlyra  (E. 
japonica  or  Japan«c  me<IIar  ). 

Prunus  domcstica  yields  the  French  ]>lum  or  pnme  of 
commerce  fp.  ^y(\).  The  leaves  arc  ovate  or  nvate-lanceolatc. 
dentate,  and  pul>osceni  on  the  lower  surface.  The  flowers  are 
greenish-white,  with  a  hain-  peduncle.    The  ft^it  is  a  drupe  with 
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a  black  or  bluish-black  cpicarp.  a  brownish  sarcocarp,  and  a  hard, 
oval,  smooth  and  flattened  endocarp. 

The  endocarps  of  the  members  of  the  genus  Prunus  vary 
greatly.  The  cndocarp  in  the  apricot  (P.  anHcniaca)  is  quite 
smooth  as  is  also  thai  of  the  elierry  (P.  Ccrastis)  ;  in  the  peach 
{ Prutius  fcrsiia )  it  is  reticulate. 

The  apple  {Pyrus  mains ).  the  pear  ( Pyrus  communis )  .Kud  the 
quince  {Cydouiii  z'nlf^aris)  are  inferior  fruits  known  as  ponies, 
die  fleshy  part  developing:  from  the  torus  and  persistent  calyx, 
the  core  being  composed  of  the  united  carpels.  The  edible  fruits 
nf  the  Rosaces  contain  a  numlwr  of  i-itrrT-ALios.  such  as  malic, 
citric,  tartaric,  and  KHfiT-si<;\R>.  as  dextrose  and  levidose.  The 
acids  vary  from  0.20  per  cent,  in  pears  to  1.50  per  cent,  in 
plums;  and  the  stigars  from  4.48  per  cent,  in  peaches  to  8.26 
percent,  in  pears.  The  carlx_ihydrates  mannit  and  sorbit  arc  found 
in  the  fruit  of  Prunus  Lauro-cerasiis  of  Europe.  In  the  unripe 
fruits  there  is  more  or  less  tannin  and  also  a  principle  known  as 
rECTOSE.  This  latter  during  the  ripening  of  the  fruit  is  converted 
into  PECTIN,  a  viscid  principle  which  is  further  changed  into  pcctic 
and  pcctosic  acids,  the  solutions  of  which  gelatinize  on  cooling. 
so  that  these  fruits  arc  adapted  to  jelly  making. 

Rubiis  tiixrohaccits.  or  high  bush-blackberry,  is  a  branching 
shnib  I  to  2  M.  high  with  reddish,  prickly,  erect  or  recurved 
stems.  The  leaves  are  j-  to  5-foliate,  the  leatlels  being  ovate, 
coarsely  and  unequally  serrate,  and  midrib  and  petiolules  with 
stont,  recurved  prickles.  The  flowers  arc  white,  in  terminal 
racemes  and  with  hairy  and  prickly  stalks.  The  fruit  is  broadly 
ovoid  and  consists  of  an  aggregate  of  druijclets  which  ripen  in 
August  and  September  (Fig.  232V 

Rubus  vUlostis  Ait.  {Rubiis  caitadt'ttsis  I..)  or  low-black- 
berry (Northern  dewberry),  is  a  trailing,  shrubby,  prickly  plant 
the  leaves  (»f  which  are  y  to  7-foIiate,  the  leaflets  being  oval  or 
ovate-lanceolate,  serrate  and  nearly  smooth.  The  flowers  are  in 
racemes  and  the  fruit  resembles  that  of  K.  nigrobaccus,  but  is 
smaller. 

Rubus  cuncifoiius  or  sand-blackherry  of  the  Eastern  and 
Southern  States  is  a  small  shnib  less  than  i  M.  higli.  much 
branched,  and   with  straight  or  recurved,  stout  prickles.     The 
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IcaHets  are  ovatt:  ur  cuncatc,  and  densely  pubescent,  as  arc  also 
the  young  shoots.  The  inflorescence  consists  of  two  to  five 
flowers,  the  [>eta1s  of  which  are  while  or  pinkish.  The  fruit  is 
oblong,  more  or  less  cylindrical,  and  sonieiimes  20  nnn.  lonj;, 

Rubus  fdcrus  or  the  cultivated  European  red-raspberry  is  a 
shrub  with  a  glaucous,  bristly  stem  and  with  j-  to  7-foliate  leaves. 
Tlie  flowers  arc  white  and  the  red  fruit  ctnisists  of  a  cap-like  col- 
lection of  hairy  drupelets  which  is  easily  detached  from  the  non- 
fleshy  receptacle.  The  fruit  is  used  in  the  preparation  of  syrup 
of  raspl»erry  which  is  used  for  flavoring.  There  are  a  number  of 
varieties  of  this  species  of  raspberry  in  cultivation,  the  fruits  of 
which  vary  in  color  from  crimson,  brown,  or  yellow  to  nearly 
white.  The  fine  flavored  liut  watery  fruit  of  the  wild  red-rasp- 
berry {R.  strigostis)  is  sometimes  substituted  for  the  fruit  of 
Rubus  fdmis. 

Rosa  iiaiiica  which  yields  the  red  rose-pelals.  official  in  a  num- 
ber of  the  pharmacopifias  ( p.  557 ) .  is  a  native  of  Southern  Europe 
and  is  extensively  cultivated. 

Rosa  ccntifolia  whicli  is  now  known  only  in  cultivation,  and 
of  which  there  are  a  larpe  number  of  varieties,  is  distinguished  by 
its  glandular  leaflets,  and  its  pale  red  or  pink  petals.  The  cone- 
like collection  of  petals  of  tlie  flower-bud  is  the  part  which  is  used 
in  medicine,  but  it  is  deficient  in  coloring  principles  and  fragrance 
as  compared  to  Rosa  tallica. 

Rosa  damascctia.  llie  petals  of  wliich  yield  the  oil  of  rose  or 
attar  of  rose,  is  extensively  cultivated  in  Bulgaria  and  to  some 
extent  in  I*' ranee  and  CJermany.  It  flowers  very  profusely,  and 
the  yield  of  nil  is  about  0.02  per  cent.  The  oil  consists  of  a  crys- 
tallizable  hydrocarbon  known  as  rose-camphor  which  is  odorless, 
and  a  liquid  portion  consisting  of  geraniol.  l-citronellol."  1-lina- 
lool,  citral.  n-nonyllic  aldehyde  and  phenyl  ethyl  alcohol.  Similar 
oils  arc  obtained  from  other  species  of  Rosa  growing  in  Northern 
Africa.  Abyssinia  and  Northern  India,  as  R.  moschata.  and  /?. 
scmpcn'irctts. 

The  fruils  of  wild  brier  (Rosa  eanina)  naturalized  from 
Europe  as  well  as  of  other  species  of  Rosa  i  R.  pomifcra  and  R. 
rtigosa),  contain  ronsi<U'rable  malic  and  citric  acids  and  fruit- 
sugars,  and  are  made  into  a  confection  by  boiling  with  syrup. 

19 


JJM 


BOT.\NV  AND  Hl-\KMACOGNUSY. 


ha«diora  xCr^t^gms  oxxaoMfhat  cootains  qucfxitria.     A  bittrr' 
|Kim%Jc  and  amun  arc  iovmd  in  Pmrikia  rhdmtata  of  the  Rocfcy 
MocBiUiRi.     Phknisn  is  found  m  the  n>x  baric  of  a  mimbrr  oC. 
ipcaes  of  Pjnts  and  Prmmms, 

In  the  ^enns  Fragana  to  whsdi  the  :>trawhcTTT  bckif^s.  cbe  j 
•Offvs  hcojfnes  In^  and  desfajr  and  is  the  eSble  part  of  the  innt-i 
TW  cankn  Uiambcsii  <  F.  CW«iuu  >  bas  a  largr.  dark-colore^'j 
mm,  Ac  ^DTtacs  bciog  sunken  in  thr  petiphen  of  the  tarns. 
At  wikd  Miambqiio  the  frah  is  saaXkr.  usmll^  $aamrhu  flcsl»-1 
cnlocvd  and  the  ^cnes  are  cnbcr  cmbciidei)  in  the  tnras  as  in  F.A 
rw^immam  or  bofnc  on  the  surface  as  in  F.  vescA.  The  sirawbetTj  j 
bnit  ^laBiiiw  abool  $7  per  cent,  of  water :  6  per  omL  of 
sngar;  5  per  cent,  of  invert  sogar  ^a  mixtnre  of  deJEtrase  and!] 
fcinkiat) ;  1  per  cent,  of  free  fTiiit*acids ;  and  about  2  per 
01  ntrQ0cno<B  suhrtanccs- 

r  LEGLMIXOS.E  OR    PLT^E    KAillLY— The   pbntsj 
««■  hrrhe.  ^brab&.  lrte*v  or  rinrs   with  alicmatc.  sripwhtr  xoA\ 
■saalt  lunyMiwi  Icnresw     The  flowers  are  cooifilac,  1 
eorafc  is  other  vt^Au  or  irTeig:n2ar.  the  sObmiis  arc 
■■liii.  aari  ifar  pbt3  b  san^lt  and  free.  Imi  wing  in  frail 
lec^Bc.    The  plants  are  widdy  diaiAmed.  nam-  of  ihein 
fovid  in  dM  Trapks^    Three  prindfi^  snb-^roaps.  vhkb  hnv 
beca  tanked  as  ?*■**■****  hr  some  hetanssts.  are  recogniaed. 

1.  pAMUiKVAT^ — Tltosc  species  with  papanmaoeons 
arv  sepanoed  tsfa>  a  ^nMift  called  the  PapffiooaUCL     This 
k^iinai  hn»  a  uuiulm  of  rcprtscntatincs  in  the  I'iMcd  States^ 
^ad  BaftTtta  \  Fi^.  154.  L  s. 
vk«gaj(   iochi^   the   scnans   and   haw 
%W^  L-fnlar,  <*r  iniptiftxily.  or  not  at  tM 


TVUi 


thci 


I  nave  nowcfs  * 


a  «nnl  chnib  with  kmTes  dm  arc  ^ 
TW  leaAefs  arfe  idSi.ial  a$-  AW-aoHtria  senna  (pL  607)  p 
art  ^c3o«isik  and  in  axAart  rncemet:  the  frsil  x«  a 

!  pod.  inlh  6  to  9  s«v\is  <  Fi|:  .^^t<>. 

:  »  a  ihnh  whkh  is  cnkivaaed  i 
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is  a  very  long,  cylindrical,  ind'-hisccnt  Icgiimc.  The  leaves  of 
quite  a  number  of  species  of  Cassia  arc  used  in  medicine  and 
the  fullowing  are  the  source  iif  Imji.ia  Mai.ahatiihi  :  C.  Tamata 
of  Assam  and  C.  /VrtWMiVu. 

Clycyrrhha  ifhtbra  is  a  ixrennial  herb,  with  8-  Ity  14-loIiate 
leaves  (  I'iff.  151  J.  the  leatlels  beinj^  glandular  in  the  variety 
gland  Hlifvra:  the  flowers  liave  a  violet -colored,  papilionaceous 
corolla,  and  the  fruit  is  a  flat,  dclnscent  Icfjunie.  The  rhizome  and 
ruots  are  the  parts  used  in  medicine  tp.  47-2). 

Cytisus  Scoparitis  or  green  or  Scotch  broom  is  a  shrub  nat- 
uralized fr(Hn  KurojK-.  The  branches  are  numerous,  slender,  erect 
and  grow  close  tog^ether  adaptin;^  them  for  use  as  br<.x)ms.  Tlic 
tops  are  used  in  nK'<licinc  (p.  637). 

Tiimari mitts  iitiiica  is  a  tree  attaining  a  hei|:;ht  of  25  M.  The 
leaves  are  pinnately  comiwund  having  numerotis  sessile,  entire 
leaflets  ( Fig.  2563 )  ;  the  flowers  are  in  terminal  racemes  and  the 
petals  are  yellow  with  reddish  veins;  the  fniit  is  a  curved,  indehis- 
ceni  Jeanne  which  has  a  thin  epicarp  an<.!  a  pulpy  sarcocarp  with 
numerous  fibers,  and  contains  a  number  of  flat,  quadrangular 
scetls.  The  pulp  is  (he  part  used  in  medicine  and  is  official  as 
tamarind  {p.  59.1). 

.'Istra^olus  ^lummifcr  is  a  lomentose  shrub  less  than  i  M. 
high.  The  leaves  are  pinnatcl\  co?npotmd.  the  leaflels  fwing  nar- 
row ami  elliptical :  the  flowers  are  pale  yellow,  sessile  and  axillary; 
the  fruit  is  a  small,  somewhat  cyhndrical,  hairy  pod  (Fig.  152). 
The  gumin>  exudation  constitutes  the  Tragacanlh  of  commerce 
(p.  650). 

Acacia  Senegal,  which  yields  gum  Arabic  or  acacia  (p.  643), 
is  a  small  tree  with  bipinnate  leaves  whidi  are  subtended  by 
curved  spines;  the  flowers  arc  yellow  and  in  dense  spikes;  the  fruit 
is  a  broad  jxhI  ccmtaining  five  or  sis  seeds  (  Fig.  153  L 

Acacia  CatccUu  is  a  small  trw  which  resembles  Acacia  Scitegat 
and  furnishes  RIack  Catechu  (p.  ^166). 

Ptcrocarpus  Marsti/iium  is  a  fine  timber  tree  with  spreading 
branches.  The  leaves  are  5-  to  7-foliate.  the  leaflets  l>cing  cori- 
aceous. ol»«»vatc,  and  emargitiate ;  the  flowers  are  \ki\c  yellow,  and 
the  fruit  is  an  indehiscent.  orbicular  pod  with  a  single  rcnifomi 
seal.    The  ofl[idal  Kino  is  prepared  from  the  juice  (p.  654). 
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PUrocarpus  satitaliuus  is  a  small  irec  with  trifoliate  leaves, 
and  flowers  and  fruits  resembling  those  of  P.  Marsupium.  The 
heart-wood  is  official  (p.  54")- 

Ua-mutoxylon  compcchianum  is  a  small  tree  with  irregular 
spinous  branches.  The  leaves  are  8-  to  lo-foliatc.  the  leaflets 
being  sessile  and  oiKordate.     The  flowers  are  fragrant,  have  a 
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Fta.  is>.  TraE&canth  plant  {Astrogoiut  gHmm\ifrr)-  A.  f1uv.-nin]{  bnuicb:  B. 
moilifiiM.  ihoni'llke  Xc^i  w-iili  utiimlet  at  the  bue,  C,  tmaular  (bilntenl)  Howcr;  D.  IcguoM 
of  A.  ahtSaS*u.~MlxT  Tnubcrt. 

purple  calyx  and  yellow  corolla,  and  are  in  racemes.  Tlie  fruit 
is  a  slender,  lanceolate,  flat  po<l.  which  dehisces  laterally  instead 
of  along  the  sutures.  Tlie  heart-wood  of  this  trei.-  am-^titutes  the 
official  Logwood  whidi  is  recognized  in  nearly  all  the  pharma- 
copceias  (p.  546). 

Kramcria  triandra  is  a  slinib  with  simple,  ovate-lanceolate. 
sessile,  silver-white,  glistening  leaves  f  Fig.  154") .    The  flowers  are 
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oonipU'tc,  having  two  purple  petals  and  three  stamens.  The  fruit 
is  a  I -seeded,  jjlobular,  prickly,  indehiscent  \iot\.  K.  Ixitta  found 
growing  from  Mexico  to  Northern  South  .Vmerica.  and  A.',  argeit- 
tca  of  Northern  Brazil,  are  distinguished  by  having  flowers  with 
three  petals  and  four  stamens.  The  root  is  the  part  used  in 
medicine  (p.  453). 

Copaiba  LaugsdoHfii  is  a  small  tree  found  growing  in  Brazil. 
The  leaves  are  6-  to  lo-foliatc,  the  leaflets  being  ovate-lanceolate. 


K  > 


Pic.  ijj.  Acacia  Srtugat:  A.  flowrrinK  branch  B.  a  limtl^  flover  fthowins  mimcTDUa 
ataiTKTu.  C.  port  of  legume  chiming  ailnchment  tif  tetda;  D.  E.  lecticms  ot  mt'U. — 
AiUr  Tunbert. 

glabrous,  coriaceous,  and  glandular  punctate.  The  flowers  are 
apetalons,  and  the  fruit  is  an  ellipsoidal,  coriaceous,  2-valved  ;)od 
having  a  single  glandular  seed  with  an  arillus.  -Vn  oleo-resin  col- 
lects in  longitudinal  cavities  in  the  trunk  of  the  tree,  often  amount- 
ing to  many  liters,  and  sometimes  the  pressure  thus  produced  is 
sufficient  to  burst  the  trunk  in  places.  The  oleo-resin  is  oflicial  as 
CorAiiiA.  Tile  latter  consists  of  30  to  75  per  cent,  of  a  volatile 
oil  from  which  the  scsquitcr|>ene  caryophyllene  has  Ijeen  iso- 
lated ;  a  bitter  acrid  resin  and  a  bitter  principle.   A  similar  product 
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in  all  the  phartDucojxjeias  and  kiitmn  as  Ualsau  ok  Toll)  which 
occurs  in  sc!ii2<jgt-nous  cavitie>  in  the  hark  of  young  twigs,  and  i? 
obtained  bv  inciting  the  bark,  ii  being  usu.ilh  collt'ctc<l  in 
^urtls.  The  JKilsani  consists  of  75  to  80  per  cent,  of  resin,  which 
is  a  comjxjund  of  tolu-rcsinotannol,  cinnaniic  and  benzoic  acids; 
18  to  20  ixT  cent,  of  free  cinnaniic  aci<l :  o.j  to  I  per  cent,  of  a 
volatile  oil :  and  0.05  per  cent,  of  vanilhn.  A  good  tolu  tmlsam 
is  also  obtained  fri>nt  T.  f>t-ru\fera  growing  in  the  northea.stcrn 
jrart  of  Sontli  America. 

Toluifcra  rcrcinr  is  a  tree  alx>ui  15  M.  higii.  which  has  a 
short  tnink  and  begins  to  branch  at  a  height  of  2  or  3  M.  It 
otherwise  resembles  7'.  /iitlxfiiiium.  It  is  found  over  the  whole  of 
Northern  South  America,  extending  through  Central  .\incrica 
to  Mexico,  and  is  cultivated  in  Singainire.  The  balsam,  which 
is  formed  as  a  result  of  injury  to  the  trunk,  consists  chiefly  of 
esters  of  benzoic  and  cinnaniic  acids,  some  free  cinnaniic  acid,  and 
vanillin.  A  very  fragrant  vanilla-like  balsam  is  obtained 
from  the  fruit  of  this  same  plant,  and  tn  San  Salvador  it  is  known 
as  white  T'eru  balsam  to  distinguish  it  from  the  black  l^eru  l>atsam 
obtained  fr«.im  the  trunk. 

PhysosUx'fta  ti'itciutsnm  is  a  woody  climber.  Tlie  leaves  arc 
3-foIiate.  the  leaflets  being  ovate-acuminate:  llie  flowers  arc  violet 
in  color  and  in  axillary  racemes:  the  fruit  is  a  broadly  linear, 
somewhat  flatteneil,  distinctly  veined,  dehiscent  i>od  which  taiwrrs 
at  both  ends,  ami  contains  two  or  three  seeds  (Fig.  189).  The 
seeds  are  official  as  IMiysostigmn  (]>.  4,l8K 

The  bhic  coloring  principle  ixiinxi  is  mostly  obtained  from 
the  herbs  huii^ofcra  tinctoria  and  /.  Anil  which  arc  in(ligi:*nous 
to.  and  cultivated  in  tropical  and  snh-tropical  countries.  It  is 
prei)ared  by  extracting  the  leaves  with  water.  The  glucusidal 
}»rinciplc  indican  for  mother-substance  of  indigo  blue)  undergoes 
oxidation  and  the  insoluble  intligo  ftlwe  separates  luit.  This  is  the 
commercial  indigo.  A  similar  principle  is  found  in  the  wild  indigo 
(Bafitisia  tinctoria)  of  the  I'nited  States  and  Canada;  the  leaves 
of  Robinia  Pst' mi  acacia  of  N'orth  America ;  several  species  of 
Psoralea  and  ,\mor[)ha.  as-  well  as  some  other  I-oguminosx.  Il  is 
also  found  in  other  families,  as  in  Polygonacear.  Crucifenc.  As- 
elepiadacex,  and  Apocynaceae. 
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A  yellow  coloring  principle  is  found  in  ihc  dyer's  broom 
{GcHi'sta  iiuctoria)  of  Europe  and  Asia  an<I  naturalized  in  the 
New  England  States.     G.  ptv/o  of  Europe  NiekU  a  similar  dye. 

Copal  Resins  are  <lcrivcd  from  a  number  of  the  Leguminosac : 
American  copa]  from  Hymcmra  Conboril  of  the  West  Indies  and 
South  America;  Hraziliaii  copal  froiu  H.  ^t^1rtilIna  of  Rio  Negro: 
Zanzibar  or  Cliakazzi-copal  fr<.>m  Irachylobiuiti  moajmbicciisLt  of 
Wesleni  Africa;  Sierra  Leone  copal  (yellow  pitm,  red  (jmu)  from 
Cof*aiba  Guibourtia  of  Sierra  Leone:  Inhambatie  copal  from  Co- 
paiba conjui^iUa  and  C  Gorsktaiui  of  Sinj^aixire.  Jamaica  and 
Australia. 

IVohahly  tlie  majority  of  the  dm  h-ukkhs  ur  plants  c-nlaining 
principles  poisonous  to  cattle  Ikrlimg  tn  the  Lcguniinosa;,  and  of 
these  the  following  may  l)e  mentioned ;  California  loco-wced 
(Astrafniiiis  crotalaritr) t  Texas  or  u'oolly  lixo-weerl  (.  f.  tnollis' 
shttus},  rattle-box  {Crotalaria  sai^iltalis)  found  in  the  Eastern 
United  States  and  Canada.  It  is  not  certain  to  what  principles 
the  poisonous  action  of  these  plants  is  due.  CUtoria  i^lycinotdcs 
of  Brazil.  Pha^a  ocbroU'iuaca  of  Oiilc  and  Oxytropis  Lambertii 
of  Mexico  are  poisonous  to  horses  and  should  probably  be  included 
witli  the  loco-weeds 

A  large  iiumlHT  oi  llie  plants  belonging  to  tlw  Ix'giiminosae 
contain  toxic  principles  and  those  which  have  not  already  lieen 
considered  might  \w  grouped  aecording  to  the  principles  which 
they  contain. 

1.  Akrow-poison-  group,  including  the  genera  Erythro- 
phldnm,  Afzclia  and  Pitliecotohinni. 

2.  EisH-poi.soN  group,  including  the  genera  .\lbizzia,  Afzelia, 
f^auhinia.  llarbicra.  Enterolohium.  I-eucena.  Millettia.  Tephrosia, 
Acacia,  .Xbnis.  Cliloria.  Mnndulea.  Dcrris.  Lonchocarpns.  Pisci- 
dia  (/',  iirythrina  or  Jamaica  dogwooil.  which  contains  a  curare- 
like  alkaloid). 

3.  S.\tMM\-containing  plants,  as  the  genera  Acacia.  Albizzia, 
Kntadn  ( /*".  scamft'tts  or  the  sea  l>can  of  the  East  and  West  Indies), 
Enterolohium.  Gteditschia  and  Gyninocladus  ( G.  dioica  or  Ken- 
tucky coflfce-trcc  growing  in  the  (.''nitcd  States  and  Canada). 

4.  CvTisiNE-conlaiuing  plants  ;  the  alkaloid  cyli.tine  is  found  in 
Laburnum   vutgarc  and  /-.  alf>inum  growing  wild  in   Southern 
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Europe  and  aUo  cultivatetl,  aiul  in  one  or  more  species  of  Ihe  fol- 
lowing genera:  Anagyris.  Haptisia.  Coronilla,  Crotalaria,  Gonisia, 
au(]  Ulex. 

Abrin.  composed  of  a  globulin  and  alhumose  and  whose  prop- 
erties are  affected  ai  a  lenipcralure  of  50"*  C.  or  over,  is  found  in 
the  seeds  of  Je'juihity  [Jhrus  prccatorius)  and  Cassia  hisf*idula 
of  Mexico:  two  alkaloids  ( lupinine  and  lupinidinc)  and  a  bitter 
glycoside  llupinin)  are  found  in  the  while  lupine  {Lti{*hius 
albiis)  of  Europe  and  in  oilier  si>ecic5  of  Lupinus;  a  j^lucoside 
(wistarin)  and  a  jjoisonous  resin  are  found  in  Wist.nkia  i  Kraun- 
hla  floribunda)  a  common  woo<ly  climber  in  cultivation  as  an  orna- 
mental ])lant;  the  glucoside  ononin  is  found  in  Rapix  ( )\o.\mis 
the  root  of  Ononis  sf>inosa  of  Kurope;  the  glandular  hairs  on  the 
pods  of  Mncuna  pruriens  and  ^U.  urens  growing  in  the  Tropics 
of  both  hemispheres  constilutf  the  cown.\r,n  of  medicine:  butyric 
acid  is  fouml  in  St.  John's  kkkm)  the  fruil  uf  Ccratonia  SiUifua 
which  grows  in  Euro|>can  countries  Iwrdcring  the  Mediterranean, 
and  also  in  Rpcrua  falcata  of  Guiana. 

A  bitter  principle.  iMindicine.  known  as  ixior  man's  quinine, 
is  found  in  Ccesaif^in'm  HonduccUa  an<l  other  species  of  Ctrsatpitua 
growing  in  Sumatra.  Borneo,  New  Zealand  and  Itrazil :  the  seeds 
of  Phascoiits  iunatus  of  the  Fast  Indies  contain  a  principle  from 
which  hydrocyanic  acid  is  derived. 

The  seeds  of  many  of  the  plants  belonging  to  the  Leguminosie 
are  rich  in  starch  and  proteins  and  hence  are  used  as  foods.  The 
protein  lhgumin  is  characteristic  of  this  family.  The  following 
are  some  of  the  important  food  plants :  the  garilen  pea  ( fisum 
sa/ivtim),  the  garden  bean  [I'liasrultis  I'ltli^aris);  lentil  i  Lens 
t^scnlt'itta) ,  Japanese  Soy  bean  {Ciyciitc  hispida).  The  peanut 
(.Irachis  ltyf>osita)  indigenous  to  Brazil  and  extensively  culti- 
vated in  most  of  the  Southeni  States  and  in  Southern  Hurope, 
belongs  to  the  group  of  plants  which  have  geocarpic  fruits,  that 
is.  fruits  which  penetrate  the  soil  during  their  development  and 
ripen  under  ground  (Fig.  88).  Tn  peanuts  the  starch  is  replaced 
by  a  fixed  oil  which  is  present  to  the  extent  of  about  45  per  cent, 
and  which  is  an  article  of  commerce.  Tn  addition  to  the  seeds 
mentioned  those  of  a  numlwr  of  other  plants  as  well  a<  some 
fnjits.  roots  and  leaves  are  used  as  foods  in  vaiious  parts  of  die 
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■world,  particularly  in  the  Tropics.  The  planLs  of  a  nuinlier  of 
species  are  used  as  forag"c,  as  those  of  clover  (Trifalium)  ;  some 
are  cultivated  as  ornamental  plants,  as  sweet  i>ea  i Lalliynis  otior- 
atiisj,  and  some  vield  valuable  timber,  as  the  locust  (Robiniti)- 


XVI.     ORDER  GERANIALES. 

This  order  includes  a  number  of  faniiUes  of  economic  import- 
ance. The  sepals  are  mostly  distinct ;  the  stamens  are  few :  the 
carpels  are  united,  and  the  ovules  are  pendulous  ( epitro[>ous } . 

a.  GIi:RA\lACli:.4i  OR  (iliKANIUM  FAMILY.— The 
plants  are  herbs  with  alternate  or  opposite,  usually  stipulate 
leaves,    regular   and   {K-rfecl   Howers,   and    capsular    fruit    (.Fig. 

Ci'raniuui  niih'tilofunt  is  a  |)crennial  herb  (Fig.  155)  with  a 
short,  thick,  horizontal  rhizome,  from  which  arises  a  simple,  some- 
what branching,  hair}-  stem,  with  3-  to  5-parted,  variously  toothed 
and  cleft,  [letinlaie  leaves,  those  on  the  vipiHT  t>art  of  the  stem  being 
opix>sitc;  the  llowers  are  regular  and  5-nKTous.  occurring  singly 
or  in  twos  in  the  axils  of  the  leaves;  the  petals  are  rose-purple 
and  hairy  at  the  base:  the  fruit  is  a  dehiscent  capsule;  the  five 
carpels  when  ri|>e  se])aratc  and  roll  upwards  remaining  attached 
to  a  central  colunui  by  means  of  a  slender  carpophore,  the  indi- 
vidual carpels  being  in  the  nature  of  akenes.  The  rhizome  con- 
Mitules  the  official  geranium  (p.  505). 

The  cultivated  geraniums  belong  to  the  genera  Pelargonium, 
and  some  of  tlie  species  furnish  oil  nf  rose  geranium,  as  P.  odora- 
iissiintiiu.  f,  ciipUatiim  and  /'.  raduh.  all  of  which  are  cultivated 
in  France.  Spain,  <  iermany.  Algiers  and  Reunion  for  the  oil.  which 
is  largely  used  in  perfumery.  The  oil  contains  geraniol.  cit- 
rnnellol.  aii<l  various  esters.  The  leaves  of  Pctarxotiiutit  ffcltatum. 
growing  in  certain  parts  of  .-\frica  and  Australia,  contain  oxalic 
acid  and  nci<l  oxalates. 

b.  tJXALIDACF.E  OR  WOOD-SORREL  FAMILY.— To 
this  family  belongs  the  genus  Oxaiis,  some  species  of  which  have 
leaves  that  arc  quite  sensitive  to  light  as  well  as  mechanical 
stimuli,  which  applies  especially  to  Ou*  cultivated  forms  of  Soiuh 
Africa,  and  to  the  common  wood-sorrel  {Oxaiis  Acctosella)  of 
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niustanl-oil  is  fouml.    The  flower-biuls  and  young  fruits  of  this 
species  are  used  for  pickling  like  capers. 

d.  LIXACE^  OR  FLAX  FAMILY.— The  mcsi  imjwrtant' 
plant  of  lliis  family  is  llie  conniion  flax  yLiuum  usitatissitnuni). 
This  is  an  erect,  sliglnly  branching  annual  herb  with  aheniate. 
lanceolate  and  3-nervt:d  Ieave.s.  The  flowers  are  in  tenninal,  leafy 
panicles,  ihe  jwdicels  being  slender,  the  calyx  non-glandular,  and 
the  petals  bine  (Fig.  134,/i).  The  fruit  is  a  10-locutar,  lo-seeded 
ca])suU'.  The  seeds  are  official  i  ]).  .\2f)).  There  are  a  numlxr  ui 
cuhivaleil  varieties  and  the  seeds  of  the  7ur.  Huitiilc  contain  a  gln- 
coside  which  \nelds,  under  the  influence  of  ferments,  hydrocyanic 
acid.  A  cathartic  principle  has  brt-n  found  in  /,.  cmhitrlirnm  grow- 
ing in  Europe.  The  bast  fibers  of  Linum  usitatissimiitu  are  used 
in  the  mannfactnre  of  linen.  These  fibers  are  distinguished  from 
many  other  vegetable  fibers  in  not  containing  lignin. 

e*.  EKVTHROXYLACE.4i:  OR  COCA  FAMILY.— This 
family  contains  but  two  genera,  one  of  which  is  Erythroxylon. 
The  official  coca  leaves  ip.  604  I  arc  obtained  from  P.ryfhroxyloti 
Coca.  The  plant  is  a  shrub  and  requires  a  very  Iminid  atmosphere 
and  a  comparatively  high  elevation.  The  leaves  are  alternate, 
pctiolate  and  entire;  the  tlowcrs  are  white  and  very  small;  the 
fruit  is  a  i-seeded.  re<ldish  drupe  resembling  ihat  of  ilogwootl 
(Fig.  260). 

(^her  species  of  Erythroxylon  also  yield  useful  products. 
An  aromatic  oil  is  found  in  the  wood  of  ii.  monoi^yniim  of  Ce>  Ion 
and  India,  and  the  wood  is  known  as  "  bastard  cedar "'  or  "  bast- 
ard santal."  A  brownish-red  c<iloring  principle  is  found  in  the 
red-woo*l  ( /:.  (vrolatum)  of  Jamaica  ami  in  /:.  suhcrosum  and  B.. 
tortuosum.  Purgative  and  anthelmintic  principles  are  found  in 
some  species  of  this  genus. 

f.  ZYtiOI»HYLL.\CE-^  OR  CALTROP  FAMILY.— The 
plants  are  mostly  herbs  and  shrubs  which  are  widely  distributed 
in  warm-tropical  regions.  The  leaves  are  mostly  opposite,  pin- 
nate and  stipulate.  The  genus  Guaitwum  is  of  interest  on  account 
of  tlie  wood  containing  considerable  resin,  which  is  used  in 
me<Jicine. 

Guaiaciim  officinale  is  a  small  tree  witli  4-  to  6-foliate  leaves, 
the  leaflets  being  ovate,  entire  and  sessile;  the  flowers  are  large. 
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bhic,  and  in  axsOuy  Umttf* :  and  the  fntit  is  a  ^-vzlvcd 
( Fig.  f 5/i>'    G.  saiutmm  is  a  Irce  rrvmhHng  G.  a^mak,  tml 
<&fthiKiii«hed   by  having   leaves   whicfa   are  ft-foEi^c   and 
acnalkr  Icailds.  and  a  4-  to  5-iralTed  capsule.     The  resin  of 
fpccie*  i«  oAKsal  1  p.  668). 

A  roin  baring  an  odor  resembling  that  of  creosocc  occiir»  in 
the  CM.tjrmft%  Kt'SH  {CfniUta  iridrntata)  of  ifexico  and  Texas. 


w 


It^^ 


Pi'i.   196.     CitaiacuM  affutKoU.   A.  Aowarlnn  actd  rniittnfi  bruurh.  U.  jrynccium  Ift] 
lofMliltiiliiiAl  Mctiofi  RtKrwiDS  ttifl  pcniluloukovuln:  C.ftMed;  D.  E.  Che  fruit  iolu&viiud 
•ihI  mnavcne  MCtiofu. — After  boil  Aod  Schmidt. 

The  juice  of  Pegatium  Hannah  contains  a  yellow  coloring^ 
principli*  u**<l  i»  dyeing  A  niiinlicr  of  the  plants  of  iliis  family 
contain  powerful  poisonous  principles. 

(?.  RL'TACK/K  OM  KL'E  ^■.^^^LV.— The  plants  are  shruhal 
or  trees,  selUoni  licrbs,  with  lysi^enous.  oil-secretion  cells.  Tlw-J 
leaver  are  usually  alternate,  simple  or  compound  and  g'lanilular-] 
punctuate  1  Hg-  134'  ^  J- 

Xantlioxyittm  amCTicamtm  or  northern  prickly  ash,  i*  a  slinih' 
or  small  tree  with  5-  to  ii-coni|M)und  leaves,  the  leaflets  bein^ 
ovate  and  nearly  sessile;  the  flowers  are  dioecious,  greenish* 
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in  axillary  c>*ni€S ;  the  fruit  is  a  black*  2-valved  capsule.  .V.  Chzv- 
Hct'cuJis  or  the  suiilhern  prickly  ash  is  a  very  prickly  shrub,  which 
is  characteriztd  by  having  cork-ivitigs  on  the  bark.  The  leaves 
arc  5-  to  17-foliatc,  the  leaflets  being  ovate  and  crenulate;  the 
flowers  are  in  terminal  racemes  and  have  a  calyx  of  4  or  5  sepals. 


^ 


fim.  e^. 


7lo.  ij}.  Spaclca  of  PUoearput:  A.  bnnch  of  P.  Selioanui  sbovinR  dotcnnioote 
infloft«cence,  B.  flower  of  the  Mnte;  C,  fruit  of  P.  pKHNtcu.  D.  teetl  of  P.  macrocarpus; 
B-J.  P.  piMMafiMixj,— E,  flower;  P,  iTSiOsverw  wectioti  of  leaf,  G.  mrf^co  vww  al  Vower 
«pidermt«:  H,  pnn  rrf  a  fruit;  J,  lon^tudinal  MCtion  throuuhaced. —  P,  G,  »ft«- A.  Meyer; 
the  remainder  afUr  Cogler. 


the  calyx  being  wanting  in  .V.  amcricanum.     The  bark  of  these 
two  species  is  official  ( p.  532). 

PnjiCARPUS. — ^To  this  genus  belong  a  number  of  s|)ecies  which 
are  shrubs  or  small  trees  and  indigenous  in  tropical  America. 
The  leaves  are  mostly  piniiatcly-compound.  the  leaflets  being 
coriaceous  and  entire;  the  flowers  are  small,  greenish  and  in 
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axilbry  ur  terniina)  raceiiitr.s;  tlie  fruit  is  a  i-sccdcd,  j-valved 
capsule  I.  Fig.  157).  The  leaves  of  three  species  are  official  as 
I'ilocarpus  or  Jalioramli  (p.  .Sy'i). 

ISahosm  \. — The  buchu  leaves  of  medicine  arc  obtained  fmiu 
several  species  of  Ilarosma  (see  iiuchu).  The  plants  are  branch- 
ing shrubs  with  i)p|Kisite.  coriaceous,  serrate  or  dentate  leaves 
with  jjlandular  niarjjlns;  the  Howers  are  white  or  red  and  occur. 
I  to  3.  in  the  axils  of  the  leaves:  the  fniil  is  a  5-valvcd  capsule. 
The  leaves  contain  a  volatile  oil.  one  of  the  constituents  of  which 
is  diospiionol. 

CiTKLTS. — The  fruits  of  a  number  of  species  u(  tliis  j;enus  are 
edible,  and  the  plants  are  also  valued  for  their  volatile  oils.  They 
are  aromatic,  glandular,  mostly  thorny  shrubs  or  small  trees 
indi>;enoiis  to  tropical  and  sub-tropical  .\sia,  and  now  extensively 
eidtivaled  in  tropical.  sub-troi)icaI  arul  warm-teniperale  regions. 
The  leaves  arc  nutre  or  less  winjjed-peliolate  I  Ki^.  15^1.  coria- 
ceous, mainly  unifoliate  (or  trifoliaiel  ;  the  tlowers  arc  complete, 
with  3-  10  fi-toothed  f;anK)sep»lous  calyx,  ami  4  to  8  g^landular 
jH-lals :  the  stamens  are  jcj  to  fio,  in  g^roiips  of  i  to  y:  the  ovary 
is  subtended  In-  a  cushion-shaped  disk,  and  the  fruit  is  a  spher- 
ical. f>blong-  nr  pear-sha(x*d  lx'rr>',  having  a  coriaceous  i">ericarp 
with  numerous  lysijjenous  oil-glands,  a  juicy  pulp  made  np  of 
peculiar  hair-structures  which  arise  from  the  endocarp.  and  in 
\vhich  are  embedded  while  iwlyombryonic  seeds   ( I'ig.    134.  O. 

notanisis  have  divicled  this  yenus  into  two  sub-j;roups:  (a) 
the  Pscudo-.ligle  group  is  represented  by  the  trifoliate  orange 
(Citrus  trifoliittj).  cultivated  widely  in  the  L'uited  States  as  a 
hedge.  The  leaves  are  trifoliate  and  deciduous,  the  petals  spatu- 
lale  ami  the  ovary  and  disk  hairy.  ( b  1  In  the  Kncitrus  group  the 
leaves  are  unifoliate  and  evergreen,  the  petals  oblong,  and  the 
ovary  and  <lisk  glabrous.  I'his  latter  group  includes  the  two 
species  which  yiclil  most  of  the  edible  Citrus  fruits. 

Citrus  .hirantium  includes  a  number  of  sub-species  an<l 
varieties.  The  plants  are  small  trees  with  leaves  having  winged 
petioles  (Fig,  138);  white  flowers;  and  a  more  or  less  globular 
fruit.  The  Ss\ei:t  ()tt\Nr.E  (  Malta.  PortngaU  is  ilerived  from  the 
sub-species  sinatsii.  The  I'.ivtkk  Oh.\nh;k  (Seville.  Cura(;ao)  is 
derived  fro?n  the  sub-species  amara.     The   flowers  of  tioth  the- 
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Sweet  ant]  Hitter  OranRe  tree  contain  a  volatile  oil  known  as  Oil 
OF  Neroli.  and  composed  of  linionene.  gcraniol,  linalool,  etc.  Tlie 
oil  from  the  rind  of  the  fniit  is  known  as  oil  of  orange  peel,  and 
is  obtained  chictly  from  Italy  anil  Sicily.  It  is  comi)Osed  ot 
limoncnc,  citral,  citronelloJ.  etc.  The  oil  from  the  Bitter  Oran|jje 
\yee\  has  a  superior  flavor  antl  is  known  as  Bigar.\i>i.v  oil.  Tlie 
Berganiot  Orange  is  the  fniit  of  the  suti-specics  Bcr^amia.  culti- 
vated in  Riiropc.  hnl  only  rarely  in  the  I'nited  States.  The  oil  of 
the  rind  of  the  fruit  is  known  as  Bkhgamot  oil  and  consists 


"f^i^^ 


Pic.   15S.     Cilrus  Aarantium  Khowlnj)  uclll*ry  cluster  of  fttnven. — 
Alter   llrrK  and  Schmidt 


largely  of  linalyl  acetate.  The  siiadiiock  or  grape-fmit  is  derived 
from  the  siib-siwcies  sinnisis  var.  decnniatta.  a  tree  indigenons  k* 
the  Mnlay  .Vrchipelaj^o  and  I'xtensivfly  cnltivated  in  India.  Kktr- 
ida.  California  and  flsf^wlierc.  The  fniits  are  quite  large,  some- 
times weighing  several  kilograms,  and  those  which  are  rouncl  are 
tlie  most  valuable  conmiercially.  being  known  as  Pomelos  or 
(iRAfE-FKi  ITS.  The  Blood  Orange  is  the  frnit  of  the  suU-species 
sinensis  var.  san^tiinca.  Tlie  Otaheite  Orange  which  is  ex- 
tensively cultivate<l  as  a  ilwarf  ]M)t  plant  and  the  foliage  and 
flowers  of  which  resemble  lhf>se  of  lemon,  is  ]>robably  a  variety  of 
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the  sub-species  sinensis,  or  it  maj-  be  a  hybrid  o(  lemon  and  orange. 
The  N'avbl  Orangi£  is  a  sweet  orange  in  which  an  additional  com- 
pound ovary  is  developed  Within  the  fruit. 

Lemon  and  lime  fruits  are  derived  from  sub-species  of  Citrus 
medica,  which  arc  mostly  shrubs  with  simple,  pctiolate  leaves, 
reddish  twigs  and  flowers,  and  more  or  less  ellipsoidal  fruits. 
Lemons  arc  derived  from  the  sub-species  Limonum.  The  rind  of 
the  fruit  yields  the  oil  of  L£Mux.  which  consists  of  limonenc. 
citral.  etc.  Most  of  the  commercial  article  comes  from  Sicily  and 
Calabria.  Lime  fruits  or  limes  are  derived  from  the  sub-species 
acida,  a  shrub  cultivated  in  the  West  Indies  and  Florida.  The 
Citron  fniit.  the  rind  of  which  is  used  in  the  making  of  preserves 
and  confections,  is  derived  from  the  sub-species  gctiuina.  The 
fruit  is  large  and  lemnn-like  but  with  a  thick  rind,  the  plant  lieing 
cultivated  to  some  extent  in  l-'lorida  and  California. 

The  Satsc'ma  C)ran<;e  is  obtaincil  from  Citrus  nobitis,  a  Ihom- 
less  tree  with  spreading  dwarf  habit  extensively  cidlivate<!  in 
China  antl  japan  an^l  very  hard>  even  in  Xorlhcrn  Florida. 
The  fruit  is  oblong,  from  4  to  9  cm.  long  and  4  to  7  cm.  in  diam- 
eter, and  of  an  orange-yellow  color ;  the  pulp  is  acid  as  well  as 
sweet,  and  usually  free  from  seeds,  although  from  1  to  4  slightly 
beaked  seeds  may  be  present. 

The  inner  while  portion  of  the  rind  of  the  Citrus  fruits  con- 
tains a  crystalltnc.  tasteless  gliicosidc  known  as  hcspcridin.  Those 
which  are  bitter  contain  in  addition  several  bitter  gUicosides, 
namely,  aurantiamarin  aiul  naringin.  (See  Aurantii  Amari  Cor- 
tex, p.  592.  and  Aurantii  Dulcis  Cortex,  p.  591.) 

\'olalile  oils  arc  also  found  in  other  members  of  the  Rutaccse. 
The  garden  rue  {Ruta  t^raveolcns) ,  tlie  leaves  of  which  are  used 
in  mc<!icinc.  contains  a  volatile  oil  consi.sting  of  several  ketones. 
It  also  cnntains  a  ghicn.side  known  as  rutin  which  resembles  the 
barosniin  of  buchu  :  and  qnercctin.  which  is  said  to  be  derived  from 
rutin.  The  Hop  tree  {Ptclea  trifoliata)  of  Eastern  Xorth  Amer- 
ica contains  l)esi<ies  a  volatile  oil.  a  resin  and  an  alkaloid.  The 
volatile  oil  of  pepper-moor  (Xanthoxyhim  ftif'eritum)  of  China 
and  Jajjan  is  K-nown  as  Japanese  oil  of  pepper. 

.•\\(;lsti'ra  hark  obtained  from  Cnsparia  trifotiala  or  C 
officinalis,  plants  growing  in  the  region  of  the  Orinoco  River,  con- 
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tains  a  volatile  oil.  resin,  a  bitter  principle  and  four  alkaloids. 
The  wood  of  Amyris  balsamifcra  of  Guiana  and  Jamaica,  yields 
on  distillation  a  volatile  oil  resembling  Ok-nm  Rliodii. 

h.  SIMARUBACr..^  OR  AILAXTHUS  FAMILY.— The 
plants  are  chiefly  shrubs  or  trees  with  alternate  and  pinnalely- 
compound  leaves.  The  flowers  are  regular,  dicecious  or  polyg- 
amous and  in  axillary  racemes.  The  plants  are  natives  of  tropical 
countries. 


y 


Fic  159.  Qmasjia  amara:  A,  flowerinft  branch  shovrin^  iteculiAf  win^rd  Iv&f  st»]Ji: 
B,  6owftr<t>ti(l:  C.  ttie  UUDC  alter  removal  of  the  perianth;  K.  frutl.— Afler  Eiuiler. 

Picrasma  excelsa  is  a  small  tree  with  9-  to  i7-foliate  leaves, 
the  leaflets  bcinj?  ovate  and  more  or  less  tomenlose.  particularly 
in  the  bud:  the  flowers  are  yellow,  polygamous  and  in  a.xillary 
panicles ;  the  fruit  is  a  large,  spherical  drupe.  The  wood  of  the 
plant  constitutes  Jamaica  quassia  (p.  544). 

Quassia  amara  is  a  small  tree  or  .shrub  with  4-  to  5-foliate 
leaves;  the  leaflets  are  narrow,  obovate  and  acuminate,  and  the 
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raciiis  ami  petiole  arc  wingcil  {i'tg.  t$if)  :  the  flowers  arc  lier- 
niaphroiiite.  witli  lo  statitens.  bright  rcU  corolla,  and  in  terminal 
racenx's;  the  frnil  is  a  5-valvc<l  indchisceiit  |«kI  or  nutlet.  The 
woimI  conMituli-s  Stirinant  quassia  (p.  544). 

A  red  colurinjj  principle  is  fonnd  in  Samadcra  imiica  of  India. 
Ceylon  and  Java.  The  alkaloid  ecdronin  is  found  in  the  seeds  of 
Siuutha  Ci'iiroit  of  Ne^v  (Jraiiada,  the  see<ls  hcing  used  as  an  anti- 
<lole  for  the  hites  of  poisonous  aTiinials.  A  similar  principle  may 
e.sist  in  the  hark  of  Simoruba  trrsicolor  of  Itrazil.  the  plant  being 
nsed  for  a  siniilur  ]>uri>ose.  The  alkaloid  hrufamarinc  is  found 
in  the  fruit  ol  Unicca  suiiuttraiia.  A  iraj^acanth-like  gum  is  ob- 
tained from  .lilatithus  iwcclsd  of  India.  DtK,\  or  (i.Mii'N  Ciuh'- 
iiLATK  is  obtained  from  the  seeds  of  In-iu^ia  ^^aboncnsis  of  trop- 
ical West  Africa.  Cay-Cay- Butler  is  obtained  from  the  seeds  of 
Irfinji'm  Olivcri  and  /.  Mtiiayaiui  of  Malacca  and  Cochin  China. 

A  gum  resemblinj;^  acacia  is  also  obtained  from  the  bark,  jjeti- 
oles  and  seeds  of  the  species  of  iriin^iu. 

I  ISUkSKKACE-E  OR  .MYRRH  FAMIIA'.—The  plants 
are  slirnhs  or  trees,  the  latter  heinj^  sometimes  <|uile  large,  with 
resin-canals  in  the  Ijark,  and  alternate  compound  leaves ;  the 
flowers  are  small,  occurring  in  racemes.  The  members  of  this 
family  arc  found  in  tropical  countries. 

Commiphora  abysstnica  is  a  shnib  10  M.  high,  the  branches 
iK'inp  mudififd  to  thorns:  the  leaves  are  trifoliate,  the  leaflets  lieing 
oblong,  dentate,  sessile  and  the  terminal  one  nnich  larger  than 
the  other  two:  the  flowers  are  dioecious,  and  the  fruit  is  a  drupe 
with  fleshy,  resinous  sarcocarp  (Fig,  iCx)).  The  official  Myrrh 
is  (^iHained  from  this  plant  (p.  673). 

A  numlKT  of  other  resinous  products  are  yicldeil  by  plants  of 
this  famil).  West  Inrlia  Ei.KMi  resin  or  Klemi  f^ccidentale 
(  Animc )  isobtaine<l  from  the  stems  of  Protiiiin  Icictiriba  of  Brazil. 
The  resin  is  greenish-yellow,  soft,  with  a  bitter  taste  and  dill-like 
odor.  Manila  RIemi  is  a  soft,  granular,  lemnn-veljow  or  grayish- 
white  resin  derived  from  Comihtim  commum^  of  the  Pliilippinc 
Islands.  Bengal  Klcmi  is  derived  from  Commiphora  A^allocha 
of  the  Kast  Indies  and  Madagascar.  The  TAr\M.Mi\r  Rksins 
are  tialsamic  resins,  of  which  there  arc  several  conunercial 
varieties:  Mauritius  tacaniahaca  is  obtained  from  Protium  hef>fa' 
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pkyliutii  of  Columbia,  and  Mexican  or  West  Indian  tacantahaca 
from  Burscra  tovientosa  of  Mexico,  West  Indies,  and  South 
America.  Inhia  ni)ELi.[i.:M  is  a  resin  obtained  from  tbc  bark  of 
Cotnmif'horti  fioxhiirghiatta  of  Northwestern  India  and  Bclu- 
chistan.  CoPAL-ltke  resins  are  obtained  from  Canaritim  Bett- 
galense    (East    Indian    Copal)    an<l   ix^ssibly    several  species   of 


/: 


^T. 
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Ftc.  ito.  Myrrta  pUat  (Commiphimi  abysstniea):  A.  yminit  bnncb  tbowimt  iri- 
CoUatc  leaves;  B.  dowcrins  uid  fniitioii  itoni  with  tbom-like  branches:  C,  leaf  axis  in  wliicb 
occur  a  fruit  and  stAiniiute  arwl  puitillntc  flowm:  D.  Maminntr  niiwtrr  in  InngiluiUtul 
Mclion:  E,  lonsittuliiul  MCtioo  ot  pistilUlc  (lowvr:  P.  looflttttdiiukl  ticcUnn  uf  fnul  sttowimt 
ariUtw-Uke  mnacarp  and  the  caiily  dchiiccnt  eatlocarp. — After  Ennlcr. 


Bursera.  Black  Dammak  resin  is  obtained  from  Canaritim  ros- 
traium  of  the  Molucca  Islands.  Olibamm  or  Frankinc<'nse  is  a 
gum-resin  obtained  from  several  species  of  Bos^vclUa  of  Asia  and 
Somali  Land.  American  Olibanum  or  Soft  Resin  of  Cayenne 
exudes  spontaneously  from  the  stems  of  Protium  heptaphylUtm 
and  P.  guiancnsc.  Gii.kap  Balsam  is  obtained  from  Protium 
altissimttm  and  P.  carana  of  Huiana  and  Brazil.    Mexican  Lin- 
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ALCE  Oil  is  obtained  from  Bursera  graveoiens,  and  several  species 
of  Bursera  of  Mexico  are  used  as  a  substitute  for  Aloe  wood. 

j.  MELIACE.^-  OR  MAHOGANY'  KAMILV.— This  is  a 
large  family  of  tropical  trees  and  shnibs  with  mostly  alternate. 
compound  and  exsttpnlate  leaves,  the  leaflets  being  entire,  with 
secretion  cells,  but  not  glandular-punctate  ^  Fig.  i6i  J.  The 
flowers  are  coniplele,  the  filaments  being  uniteil  into  a  tube ;  and 


.*^ 
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Fio.  t6i.     Phde  of  China  l\trtia  Astdatock):  A.  flowerifli;  brancb;  B.  a  part 
at  thr  infbimccncc. — Aim  Kamui 


they  occur  in  axillary  clusters  or  racemes  ;  the  fruit  is  a  capsule,- 
berry  or  drupe:  the  seeds  are  sometimes  winged  and  with  fleshy 
or  leaf-like  colyleduns. 

The  bitter  principle  mangrovin  is  frnin<l  in  the  bark  of  the 
China  Tree  or  Pride  of  China  i.\ft'!ia  .tzi'tiariich)  indigenous  to 
Asia,  and  extensively  cultivated  in  tro|iicaI  and  warm-temperate 
regions,  and  naturalized  in  the  southern  part  of  the  United  States 
(Fig.  i6l).  A  similar  principle  is  found  in  other  plants  of  this 
family. 
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Carapa  Oil.  which  has  a  characteristic  odor  and  bitter  taste 
and  is  toxic  to  insects,  h  obtained  from  the  seeds  of  Carapa  pro- 
ccra  and  C,  ^tiiancnsis.  of  tropical  West  Africa  and  tropical 
America,  and  also  from  Stvietcnia  Mahagoiii  (Mahogany  Tree). 
LV<lar-\vood  oil  T' Oleum  Cedrela: ")  is  obtained  from  several 
species  of  Cedrela  growing  in  tropical  America.  The  most  impor- 
tant constituent  of  the  oils  is  cadinine.  Oils  with  a  garlic-like 
odor  are  found  in  the  seeds  of  Mt'Ha  Azedanuh,  the  bark  of 
Cedrela  anstralis  of  Australia  and  the  fruit  of  Dyso.vylnm  futtcc- 
tariferum  of  Java.  Besides  the  Mahogany  tree  there  arc  other 
trets  of  this  family  which  yield  valuable  woo*ls.  Cigar  boxes  and 
sugar  boxes  are  made  from  the  woo<l  of  Cedrela  odorata  of  the 
West  indies  and  Guiana,  and  from  other  species  of  Cedrela. 

k.  MALPIGHIACE.K  is  a  rather  large  family  of  shrubs, 
small  trees,  or  lianes  with  anomalous  stem-structure,  found  in 
the  Tropics,  principally  in  South  America.  The  leaves  are  usu- 
ally opposite,  the  se])als  are  glantiular.  and  the  fruit  is  a  winged 
samara  somewhat  like  that  of  maple  [Acer). 

The  plants  contain  a  notable  amount  of  tannin  and  the  woods 
of  som**  species  contain  a  red  coloring  principle. 

I.  roi.V(iALACE.K  OR  M1LKVV(JRT  FAMILY.— The 
members  of  this  family  are  herbs  or  shrubs,  occurring  in  all  parts 
of  the  world  except  in  the  Arctic  regions. 

Poly  gala  Senega  is  a  perennial  about  ]/^  M.  high.  It  has 
a  fleshy  root,  producing  at  the  crown  a  large  number  of  buds  and 
giving  rise  to  a  cluster  of  stems  or  so-called  plants  (Fig.  197). 
The  leaves  are  alternate.  laiicei>late  or  oblong-lanceolate  and  ses- 
sile; the  flowers  arc  faintly  greenish-white  and  in  cylindrical 
spikes ;  the  capsule  is  loculicidally  dehiscent,  and  the  see*l  is  hairy 
an<l  slightly  longer  than  the  lobes  of  the  caruncle.  The  root  is  of- 
ficial (p.  456). 

Polygah  alba  or  White  ^lilkwort  yields  the  White  or  Texas 
senega.  The  steins  arc  numerous  and  taller  tha,n  those  of  P.  Sen* 
rga:  the  leaves  are  narrow-lanceolate  or  linear  with  revolute  mar- 
gin: the  flowers  are  white  and  in  elongated  conic  spikes;  ilie 
caruncle  lobes  are  about  half  as  long  as  the  see<].  The  plant  is 
fotind  west  of  the  Mississippi  River  extending  as  far  south  as 
Texas  and  Mexico  and  west  as  far  as  Arizona  and  Xew  Mexico. 
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They  contain  a  Bxcci  oil  whicli  is  obtained  by  expres&ioii  and 
wliich  is  poisonous  and  a  powerful  cathartic.  The  seeds  of  a 
mim))cr  of  tl)c  nthLT  inenibcrs  of  tlic  Uuphorbiaceie  contain  fixed 
oils  rcsvmhliiip  those  of  Croton  ami  Riciniis.  as  Clkcas  the  seeds 
of  Jalropha  Cttrcas  of  tropical  America.    Mexican  Ckoton  Oil 


Fto.   t6t.     StiiliHtia  ivtvalica:  thomng  the  morr  or  less  cloaely  omoRH  leaves 
«nd  the  terminal  spike  o(  ftowcri-  — After  Benl1c>-  and  Trimen, 

»s  obtaine<l  from  the  seeds  of  Euphorbia  calyculota.  The  seeds  of 
the  Caper  Spurge  or  Wild  Caper  {Euphorbia  Lathyris)  nat- 
'^^'alizcd  in  the  I'nitcrl  States  fronv  Europe,  also  contain  n  fixed 
oil  resemblinji  that  of  Croton.  The  seeds  of  Joanncsia  f^rinceps 
^^  the  maritime  provinces  of  Hrazil  are  also  powerfid  purgatives. 
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MaJlotiiJ  phiHf>pine}isU  is  a  shrub  or  small  tree  found  in  trop- 
ical countries  of  the  Eastern  Hemisphere.  The  leaves  are  alter- 
nate, pctiolale.  ovate,  acuminate,  cftriaccous  and  evcrg^reen ;  the 
flowers  are  small,  ditccious,  and  in  racemes  ;  the  fruit  is  a  3-IocuUr, 
glandular- hairy  capsule.  The  hairs  of  the  capsule  are  official  in  a 
number  of  pharmaci^pctias  under  the  name  of  KaM-\la  and  occur 
as  a  reddish-brown,  (granular  powder,  consisting  of  two  kinds  of 
hairs,  tlie  one  colorless  and  occurring  in  branching  clusters 
( Fig.  284,  B )  and  the  other  w  itli  vcUowish-rcd.  multicellular, 
glandular  heads.  The  i?nportant  constituent  is  about  80  per  cent, 
of  a  ilark  brownish-red  resin  comijoscd  of  a  crystalline  principle 
rutllerin ;  isomttlerin :  two  reddish-yellow  resins :  a  coloring  prin- 
ciple and  wax.  It  als4:>  contains  a  trace  of  volatile  oil.  starch, 
«ugar,  tannin,  oxalic  and  citric  acids. 

A  red  coloring  principle  is  found  in  the  bark  of  Atenritt's 
triloba  of  the  Polynesian  Islands.  Euphorbia  pan-ifiora  of  Ceylon. 
E.  pulcherrimQ  of  Mexico  and  Brazil  and  the  other  species  of] 
Euphorbia. 

Cascarilla  bark  is  obtained  from  Croton  eluteria  and  other^ 
species  of  Croton  growing  in  the  Bahama  Islands  and  other  parts 
of  the  West  Indies  and  Rorida.     Cascarilla  bark  is  official  in  a^ 
numlwr  of  pharmacupceias.     It  ocairs  in  small  curved  pieces  ori 
quills.  I  to  3  mm.  thick,  externally  brownish-gray ;  inner  surface  is  ] 
reddish-brown,  the  fracture  short,  resinous :  odor  aromatic ;  partic- 
tilarly  on  burning ;  taste  anjniaiic  and  bitter.    Cascarilla  contains 
I  to  1.5  per  cent,  of  a  volatile  oil.  containing  eugenol.  limonene,  anj 
oxygenated  portion,  and  some  other  constituents:  15  per  cent,  of] 
resin ;  a  bitter  principle,  cascarillin :  tannin  ami  vanillin. 

CoPALcni  BARK  or  Qnina  blanca  which  is  derived  from  Croton\ 
nh'Ctis  of  Mexico  contains  a  hitter  principle,  copalchin.  which  is.^ 
also  found  in  other  species  of  Croton.  Malamljo  hark  is  derived! 
from  Croton  Maiambo  of  Venezuela,  the  latter  two  barks  beingl 
sometimes  substituted  for  Cascarilla  bark. 

Ki.ASTirx  or  India  Rubber  (Caoutchouc)  is  the  prepared  milk-] 
juice  obtained  from  one  or  more  species  of  the  following  genera :i 
Hevea.  Mabea.  Kuphorbia  and  Kxccccaria.    Tlie  fresh  latex  of  a 
number  of  species  is  a  powerful  irritant,  as  that  of  the  Sand-box^ 
tree  (Hura  crepitans)  of  tropical  America,  which  contains  an  ailjC 
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and  an  acrid  volatile  principle;  the  Blinding-tree  {Bxcoecaria 
Agailocha)  of  Southern  Asia  and  Australia,  the  juice  of  which 
product's  l)liridness. 

The  gum-rirsin  e^i.'phokbiuu  is  obtained  from  Huf>horbia  res- 
inifcrtj.  a  caclns-likt*  plant  of  Morocco,  and  is  also  found  in  other 
species  of  Kiiphorbia.  It  contains,  among  other  constituents,  38 
per  ct-nt-  of  an  acrid  resin,  and  22  i>cr  cent,  of  a  crystalline  prin- 
ciple cuphorbon. 

The  milk-juice  of  several  species  of  Euphorbia  is  used  in 
the  preparation  of  arrow  poisons  in  Brazil.  One  or  nwre  species 
of  the  following  genera  arc  used  as  fish  poisons :  Flue^ca,  Phyl- 
Innthus,  Brtdclia,  Excoecaria  and  Euphorbia.  A  number  of  plants 
are  used  as  remedies  for  the  biles  ot  serpents,  as  tlie  bark  of 
Fhyllanthus  mollis  of  Java ;  the  leaves  of  several  species  of  Anti- 
dcsma  of  Malabar  and  the  East  Indies;  and  Euphorbia  pilulifcra 
of  South  America  and  Inilia.  The  young  twigs  of  Crotoii  Marcus 
of  Jamaica,  Hayti  and  South  America,  are  used  as  an  insecticide. 

A  camphor-containing  oil  is  foimd  in  the  bark  of  Pcnlalo- 
stif^ma  qnadriiaciilari'  of  Australia ;  the  aron^atic  wood  of  Col- 
Ugtiaya  odorifera  of  Chile  is  used  as  a  substitute  for  santal  and 
on  burning  emits  a  rose-like  odor;  the  leaf  of  Croton  mentUo- 
doriis  of  Pern  contains  an  oil  with  an  odor  of  mentha;  a  balsam 
resembling  Copaiba  is  derived  from  the  lark  of  Croton  origani- 
foiius  of  the  West  Indies:  metbylamine  is  found  in  .\ferciirialis 
annuo  of  Europe  and  other  species  of  Mercurialis.  Tannin  is 
found  in  the  following  genera:  \facaranga.  Pliyllanthus  and 
Bridelia ;  Brazil  kino  is  obtained  from  a  species  of  Crototi  {C. 
erythrtcus^)  of  Brazil.  A  gum-lac  is  formed  on  the  stems  of 
Aleurites  laccijera  of  the  Antilles  and  Ceylon  as  a  result  of  the 
sting  of  ati  insect,  and  contains  among  other  sul>slances  a  lar^e 
amount  of  melyl-  and  ceryl -alcohols,  and  a  substance  resembling 
ahietic  ariil.  The  sap  of  Euphorbia  cyparissias  of  Europe  yields 
a  resin  which  is  sometimes  substituted  for  soammony. 

A  reddish  resinous  substance  resembling  dragon's  blood  is 
obtained  from  Croton  erythratta  of  Brazil:  a  yellow  coloring 
principle  is  found  in  the  seed  of  Croton  tiucton'us  of  Mexico; 
poncctin,  a  violet  coloring  principle,  occurs  in  Euphorbia  hctero- 
pkyUa  of  Brazil ;  a  blue  coloring  principle  is  found  in  Chroso- 
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^hora  tiuctoria  of  Southern  Europe  and  Africa  and  tn  Ar^ukani' 
nia  tncHSpidata  laiiccolata  of  Chile;  an  indigo-like  principle  is 
obtained  from  StcrcuruiUs  pt.'rcnnis  of  Europe.  The  tresh  latex 
of  Euf'horhia  phosphorca  of  Urazil  Ls  phiisphorcsceni, 

Quite  a  number  of  the  seeds  of  this  family  contain  tatty  oib. 
TT»c  Oiinesc  Tallow  tree  (Sapium  st'bift'rntn  \  yields  a  fat  whidi 
is  used  for  burning  and  for  technical  piin»*>ses :  a  similar  fat  is 
obtaincil  from  the  seeds  of  several  species  of  Aleuritcs  and 
Euphorbia - 

T  vi'iiicA  starch  is  derived  from  the  tuberous  roots  of  Manthot 
utilissiina.  extensively  cultivated  in  tropical  countries ;  other  spe- 
cies of  Manihot  also  yield  starchy  food  protlucLs. 

K^lible  fruits  are  obtained  from  the  following  genera:  Phyl- 
lanlhu^.  Baccaurea  and  Anti<lcsma;  the  seeds  of  HcX'fa  hmsiliana 
anr  etliljle :  a  s«*!et  sap  is  found  in  Baccaurea  ramiHora  of  Cochin 
China  an<I  Brazil;  a  peptone-like  ferment  is  founrl  in  linphorhia 
hetfrodoxa  of  South  America  and  other  species  of  Kupliorbia. 


XVII.     ORDER  SAPINDAIXS. 

The  phnts  of  this  onlcr  are  chiefly  trees  and  shrub*.  The 
flowers  are  iiiostl>  regular  and  the  seeds  usual!)  without  etulo- 
sperm.  The  order  has  a  number  of  representatives  in  both  trop- 
ical and  temperate  regions. 

a.  TAMILV  Ci  )K1  AKACE.^— This  family  Is  reprcsi*mcd  by 
but  a  single  genus.  Coriaria.  The  plants  are  shrubs  found  in 
Eun>pe.  Asia  and  Soulli  America,  and  yield  several  important 
economic  pro<liicts.  The  leaves  an<I  l>ark  «tf  C'.  myrtifoHa  of 
Southern  Europe  and  Xorthem  Africa  are  rich  in  tannin  and  used 
in  ilM'ing.  Tliis  plant  also  contains  a  narcotic  principle  resem- 
bling picroioxin,  known  as  coriamyrtin.  which  is  also  found  prob- 
ably in  C  airopurpurea  of  Mexico.  TIic  leaves  of  Coriaria  tnyrti-  I 
folia  or  t.nnnkm's  srwAf  are  coriaceous,  distinctly  3-nerved, 
astringent  and  hitler  ami  wore  at  om-  limt*  snlistiluletl  for  senna 
leaves.  A  black  dye  is  ohtaine^I  from  C  niscifotia  of  New  Zealand 
and  Chile.  ANHiile  the  fniils  of  5;ome  species  are  quite  f)oisono«s 
the  sap  of  the  fleshy  leaves  is  used  in  New  Zeiiland  in  making 
an  intoxicating  drink 
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b.  BUXACE^  OR  BOX  TREK  FAMILY.— The  plants  arc 
shnibs  with  alternate  or  opposite,  evergreen  leaves,  and  usuallv 
axillary-  nionfccioiis  or  (licccio\is  flowers.  The  most  impurtanl 
plant  of  this  family  is  the  Ho.n  iree  {Bu.vtis  scmfcnircns)  which 
is  extensively  cultivate*!.  The  wood  is  used  for  making  musical 
instruments  and  for  other  purposes,  and  the  Iwigs  have  been  used 
in  medicine.  The  latter  contain  several  alkaloids,  the  most  imjwr- 
tant  being  buxiue  which  resembles  beberine ;  a  volatile  oil  con- 
taining butyric  acid  and  a  wax  containing  myricyl  alcohol  and 
niyriein. 

"  c.  Ai\'ACAkUIACE.K  OR  SUMAC  FAMILY.— The  plant;* 
are  trees  or  shrubs  with  an  acrid,  resinous  nr  milky  latex,  and 
alternate  leaves. 

Rhus  radicans,  fV>lSftN  I\v  or  l*ojson  Oak,  is  a  woody  vine, 
climbing  by  means  of  aerial  routs  and  sometimes  becoming  nuile 
shruh-like,  which  is  conituon  along  roadsides  in  the  l'nite<l  Status, 
llie  leaves  arc  3-foliate.  the  leaflets  being  ovate,  actmiinate.  nearly 
entire.  inet|uilateral  and  with  short  stalks:  the  flowers  are  green 
and  in  loose  axillary  panicles;  the  fruit  is  a  globular,  glahmus. 
grayish  drupe  (  Fig.  163).  The  p*jisonous  properties  of  this  plant 
are  <lue  U>  a  hruwnish-red  re>in  which  Is  soluble  in  alcohol.  \ 
vesicating  principle  t  akdui.  is  fotnul  in  the  ('^s)ll■;w  \irr.  The 
latter  is  the  fruit  of  Aiuu-ardiuiii  orcidi'ntaU\  a  shrub  growing  in 
tropical  America.  A  principle  resembling  cardol  i'^  found  in  the 
East  India  Marking  tree  or  Ink  tree  \  Scmt'farffns  Amicardimu) 
and  Holif^artia  fcrru^inca  of  India. 

The  Poison  Sum  \c  r>r  Poison  Elder  (Rhus  7Triiix)  is  a 
slinib  or  small  tree  fonml  in  swamps  in  the  L'nited  States  ami 
Canada.  The  leaves  are  7-  to  13-foliate.  with  oUwate  or  oval. 
acuminate,  entire  leaflets ;  the  flowers  are  small,  green,  ami  in 
axillary  i>anicles :  the  fruit  resembles  that  of  R.  radicaits  (Fig. 
163).  TTic  plant  is  poi.sonous  like  /?.  radu-ans  an«l  probably 
mntiiin';  the  same  principle.  Other  specie^  of  Rhus  are  also 
[)oisonnus.  as  the  western  Poison  Oak  I  A",  dkrrsiloha)  of  the 
Pacific  Coast,  and  the  Japanese  lacquer  or  \'arnish  tree  (R.  Xfcr- 
nicifcra  and  R.  sticccdatica).  Tlie  lacquer  trees  grow  wild  in 
both  China  an<l  Jaiian  where  they  are  also  ctdtivatcil.  The  lac 
is  obtained  by  incising  the  bark  and  removing  it  with  a  pointed 
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aiid  is  closely  associated  with  other  resinous  t^uhstances.  Japanese 
lac  is  thinned  with  camphor,  or  mixed  with  Hnseed  oil  ami  on 
drying  in  a  moist  atmosphere  forms  the  most  indcstriictilile 
varnish  known.  Various  pigments  are  used,  as  vermillion.  ^m- 
boge.  acetate  of  iron  and  other  substances.  The  best  glossy 
black  colors  arc  obtained  by  the  addition  of  iron. 

Rhus  glabra  or  the  Scarlet  Sumac  is  a  shrub   (Fig.    164), 
The  leaves  are  tl-  to  31-foliate.  the  leaflets  being  lanceolate,  acu- 


Plo.  164.     lOtut  tlabta.     Portion  of  Icttfy  branch  wilb  tenninml  oompound 
panicle  of  [rtiilx. 


minate.  sharply  serrate,  dark  g^reeri  alx>ve  and  tomentosc  Ik'Iow  ; 
the  flowers  are  greenish.  |)olyganious  and  tn  terminal  panicles; 
the  fruit  is  official  (p.  569). 

Chinese  g.^lls  are  excrescences  produced  on  Rhus  seiniahta 
as  a  result  of  the  stings  of  an  Aphis.  Japanese  r,.\M.s  are  similar 
formations  occurring  on  Rhus  japonica.     (See  Galla.) 

Pistacia  Letitiscus  is  a  shrub  or  tree,  which  is  found  growing 
in  the  Grecian  Archipelago.  The  leaves  are  pinnately  compound 
and  i^nth  winged  axis,  the  leaflets  being  alternate,  oblong,  entire, 

at 
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Paraguay.  They  cuntain  about  i  per  cent,  of  caffeine,  15  per 
cent,  of  tannin  and  some,  volatile  oil,  and  are  used  like  tea  in  the 
making  of  a  beverage.  Cassine  or  Appalacliian  tea  consists  of 
the  leaves  of  tlu*  Dahoon  liolly  (JIvx  Cassitu')  ^Tow'm^  in  the 
Southern  United  States.  These  leaves  contain  about  half  as  much 
caffeine  and  tannin  as  Mate. 

e.  CrCLASTKAfK/K  OU  STAKK-TREE  FAMILY.— These 
are  shrubs,  as  Euortymus,  or  woody  climbers,  as  the  climbing  bit- 
tersweet (Cchstrus  scttftdoi.i ) .  The  plants  are  especially  char- 
acterized by  tlieir  dehiscent  fruits  and  scarlet  or  reddish  arilled 
seeds. 

Eitunymtis  atrof>urf'Hreus  <Waboo  or  BurninK  Bush)  is  a 
shrub  or  .small  tree.  The  twigs  have  four  distinct  cork-wings 
making  them  somewhat  4-anglcd.  TTie  leaves  arc  opposite,  petio- 
latc,  ovale-ohlong,  acuminate,  crenulate-serrulale  and  hairy  be- 
neath. The  flowers  are  purplish  and  in  axillary  cymes.  Hie  fruit 
is  a  3-  to  4-lobed,  persistent,  loculicidally  dehiscent  cap.<iule  with 
6  to  8  scarlet  ."^eeds.     The  bark  of  the  root  is  ofHcial   (p.  531). 

The  leaves  of  Ca/ha  cduHs  growing  in  Arabia  and  .Abyssinia 
are  chewed  and  also  used  like  tea.  They  contain  the  alkaloids 
cathine  and  cclaslrine  which  are  supposed  to  have  similar  proper- 
ties to  cocaine,  as  well  as  tannin  and  an  ethereal  oil.  A  yellow 
coloring  principle  is  found  in  -the  bark  of  Etwnymus  tingens  of 
the  East  Indies.  The  yellow  coloring  principle  in  the  arils  of  the 
seeds  of  Cdastrus  and  Euonymus  appears  to  closely  resemble 
carotin.  The  seeds  of  a  number  of  plants  of  this  family  contain 
a  considerable  quantity  of  fixed  oil,  as  Cehstrus  macrocarpus  of 
Peru,  and  Ma\tcnus  Boaria  of  Chile. 

f.  ACERACE^  OR  MAPLE  FAMILY.— The  plants  of  this 
family  are  trees  or  shrubs,  the  most  widely  distributed  repre- 
sentative of  which  is  the  maple  (Acer).  The  most  distinguishing 
character  of  this  family  is  the  fruit,  which  is  a  double  samara. 
The  sap  of  a  ntnnl»er  of  species  of  .Acer  contains  cane  sugar  or 
sucrose,  and  the  sap  of  the  sugar  maple  {Acer  saccharinum)  which 
grows  in  the  United  States  and  Canada  contains  from  3  to  4  per 
cent.  The  making  of  maple  syrup  and  maple  sugar  is  quite  an 
industry  in  some  localities.  Maple  sugar  is  also  obtained  from 
the  black  sugar  maple  {Acer  nigrum)  and  the  ash-leaved  maple 
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{A.  Nfgundo).  Tlie  bark  of  the  Utter  sjiecies  is  used  to  some 
extent  in  niedicim*.    Valtiablt*  tiniher  is  yieldfd  hy  the  maple  trees. 

g.  HIPI*(>CASTAXACE.E  Ok  iiLCKKVK  FAMILY.— 
The  plants  are  shrubs  or  trees  with  opi»ositc,  petiolate.  and  3-  to 
y-<ligitaicIy-foliatc  leaves.  The  Howers  are  in  terminal  panicles 
and  the  fnnt  is  a  3-lobed  capsule,  which  usually  contains  one 
large,  shiny  seed. 

Tlie  horse-cliestnut  (Aisculus  Hifif>ocastattiitii)  contains  in  tlie 
bark  two  fluorescent  bitter  principles.  a:scidin  and  paviin,  tlie 
former  of  which  is  in  the  nature  of  a  glucoside.  and  in  the. bark, 
leaves  and  dowers  the  ciilr>ring  ]>rinciple.  qucrcitrin  is  present; 
in  the  seetl-coat  saponin  is  supjMJsed  tu  occur,  and  the  gUicoside 
zescnlin  as  well.  The  cotyledon*;  contain  considerable  starch,  some 
proteins  and  sugar,  a  small  quantity  of  a  fixed  oil  having  a  bitter 
taste,  and  a  saponin-like  substance.  .\  narcotic  principle  is  present 
in  the  bark,  twigs  and  leaves  of  the  red  buckcjc  (Aisctiliis  Paxia) 
of  the  Siiuthem  Tnited  States. 

h.  SAriXDACK^K  OR  SOAPniCRRY  FAMILY.— The 
plants  are  mostly  trees  or  shrubs  indigenous  to  the  Tropics.  In 
some  genera  there  are  herbaceous  or  woody  vines  (banes)-  The 
plants  of  this  family  usually  have  either  a  milky  sap  or  contain 
saponin,  and  it  seenis  strange  that  a  i>lant  yielding  caffeine, 
namely,  PauUinia  Cupaua.  which  furnishes  the  official  Guarana 
(p.  441),  shoidd  belong  to  this  group. 

Narcotic  principles  are  found  in  a  number  of  species  of  Ser- 
jatiia.  Xcffhcliiim.  Mat^oiiut  and  HarpiiUia.  Four  or  five  per  cent, 
of  SAi-ONiN  is  found  in  the  fruit  of  Sapimitis  trifoliatiis  of  India. 
A  principle  relate^l  to  sajKUiiii  is  fouuil  in  Sapindus  Saponaria  of 
tropical  America.  Sa])onin  is  alsii  foimd  in  the  fruits  of  other 
species  of  Sapindus.  the  bark  nf  Pnmctui  pinuata  of  the  Sunda 
and  South  Sea  Islands,  and  the  kernels  of  the  seeds  of  the  two 
species  of  ^fag0ma  indigenous  to  lirazil.  The  latter  plants  also 
yield  a  poisonous  nectar  and  the  root-bark  is  used  in  the  poison- 
ing of  fish.  A  .shellac  is  obtained  from  Sclileichcra  triju^a  of 
India  and  the  seeds  of  this  plant  yield  "marcassa  oil." 

Paulliuia  Cupatm  is  a  woody  climber  indigenous  to  and  culti- 
vate<l  in  Northern  and  Western  Urazil.  The  leaves  are  alternate 
and  s-foliate.  the  leaflets  being  oblong,  acuminate,  coarsely,  irreg- 
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Tile  balsam  of  the  gardens  {Impaticns  Balsamina ) ,  whidi 
Howers  all  summer,  belongs  to  this  family.  Other  .s|>ccies  of 
Impatiens  are  also  cultivated. 

The  stem  sap  as  well  as  that  of  the  flowers  of  a  number  of 
.sptrcics  of  Im|>atiens  is  used  on  account  of  its  re<!  and  yellow  col- 
oring matters,  to  color  the  skin  of  the  hands  and  feet  as  also  the 
nails  hy  the  people  of  India,  Tartary  and  Japan.  Tlie  seeds  of 
some  species  of  Impatiens  Weld  an  oil  which  is  used  for  burning. 


XVIII.      ORDEK  UHAMN.\t.ES. 

This  order  includes  Iwo  large  families  which  are  characterized 
by  having  4  or  5  stamens  which  are  either  allernate  witli  the 
sepals  or  opposite  tlie  petals  when  the  latter  are  present.  The 
ovuFcs  arc  atropoiis. 

a.  Kri.\MN.\CK.K  OR  BUCKTHORN  FAMILY.— The 
[>Iants  are  wtKtdy  climbers,  shrubs  or  small  trees. 

Rhamuus  f'urshinna  is  a  large  shrub  or  small  tree.  The  leaves 
are  petiolate,  oblong,  elliptical,  acuminate,  finclv  serrate  and  i)ubes- 
cent  beneath ;  ihe  flowers  are  smalt  and  in  axillary  umbellate 
cymes,  and  tlie  fruit  is  3-lobed,  black,  ovoid,  and  dru]taccous 
The  bark  constitutes  the  official  Cascara  sagrada  (p.  523). 

Khammts  Frait^ula  or  Alder  buckthorn,  is  a  shrub  the  Iwtan- 
ical  characters  of  which  closely  resemble  those  of  K.  Furshiana^ 
The  bark  of  this  plant  is  also  official  i  p.  $21  ). 

The  leaves  of  the  shrub  known  as  New  Jersey  Tea  {Ct'anothits 
americfinus )  are  said  lo  liave  Iwen  used  as  a  substitute  for  tea 
during  the  Revolutionary  times.  Tliis  plant  is  found  in  the  Kast- 
ern  L'nite<I  States  and  Canada  and  the  rf)oi.  which  contains  con- 
siderable lannin  and  possibly  an  alkaloid,  has  l)een  usc<l  in  medi> 
chic.  The  leaves  of  Sa^erctia  theecans  of  Asia  have  also  Ix-cn 
used  as  a  substitute  for  tea.  A  number  of  plants  of  this  family 
have  been  scr-sTirtTRn  Fr>R  noi>s  in  the  fermentation  industry,  as 
Ccauothus  rcclittatits  of  the  West  Indies;  Colubriua  fcrmcnta  of 
Guiana,  and  Gouama  dominj^ensis  of  Martiniijue  and  Hayti. 
Saponin  is  found  in  llie  bark  of  Gouania  tomcutosa  of  Mexico. 
.\  crystalline  hilttT  principle,  collelin,  occurs  in  the  wood  of  Col- 
tclia  spinosa  of  Sonth  America.     The  Ijark  of  Discaria  fdyrifitga 
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of  Uruzil  has  bee»  used  as  a  substitute  for  cindiona.  A  nuinlxr 
of  genera  furnish  fish  iK>isons,  as  Zizyphus.  Tapura.  and  Gouania. 
<imn-Iac  i^  formed  on  the  twij^s  nf  Ztzyphus  Jujuba  of  Asia  as 
the  result  of  the  sting  of  an  insect  yCoccus  lacca). 

The  fruits  of  several  s|iecies  of  Zizyphus,  ihoniy  shrubs  fouu<l 
growing  in  South  America,  are  edible  and  enter  into  the  I'>cnch 
or  Spanisli  ctnifection  known  as  Jirj  iiik-i'asti.. 

b.  VITACK.K  OR  GRAPH  FAMILY.— The  pbnts  of  Uiis 
family  are  woody  climbers  or  erect  shrubs  with  alternate,  petiolate 
leaves,  and  small,  greenish,  regular  rtowcrs,  the  fniit  being  a  berry. 

The  most  important  gctuts,  economically,  is  Vilis  to  which 
belong  the  cultivated  grapes,  the  fruits  of  which  furnish  raisins, 
wine  and  brandy.  The  gkape-vine  indigenous  to  Europe  ( I'iti.t 
vinifera)  is  cultivated  in  all  lempcrale  and  sub-tropical  countries, 
and  the  variety  sUvcstris  which  is  found  distributed  in  the  Medit- 
erranean countries  as  far  east  as  the  Caucasus  Mountains  is  sup- 
posed to  have  furnished  the  cultivated  wine  grape.  The  Concori* 
and  C.\TAWiiA  crapks  are  cultivated  varieties  of  the  iiortheni  Fox- 
or  Plum-grape  {I'itis  Lobnisca)  imiigenous  to  llitr  Northern 
United  States  east  of  Minnesota.  The  Dei^ware  grai'es  are  cul- 
tivated varieties  of  the  frost-grape  { / '.  cordifolia )  anti  the  sweet- 
scented  grape  (/'.  rulf>iua)  of  the  Kastern  I'nited  States.  The 
]iulpy  part  of  the  grape  contains  from  9  to  18  per  cent,  of  grape- 
sugar  and  0.5  to  1,36  per  cent,  of  tartaric  acid.  In  urfavond>le 
seasons  the  tartaric  aciil  is  replaced  in  part  by  malic  aci<l.  The 
soil  has  a  marked  influence  on  the  quality  of  grapes,  a  sandy  soil 
producing  a  light  colored  wine,  a  soil  rich  in  calciimi  a  sweet 
wine,  aiul  a  clay  soil  a  fine  iRXjuet.  etc. 

Wines  arc  made  by  fermenting  the  grape  juice,  and  contain 
from  5  to  -2°  IH.*r  cent,  of  alcoliol,  from  !  or  2  to  \2  per  cent,  of 
sugar,  about  u.5  per  cent,  of  tartaric,  acetic  and  other  fruit-acids, 
tannin  and  coloring  matter  from  a  trace  to  0.3  per  cent.,  and 
various  compound  ethers,  giving  them  their  characteristic  flavors 
or  l)oquets.  WtiiTE  wines  arc  made  from  the  juice  of  tlie  pulp 
of  the  while  or  colored  grapes  after  separation  from  the  cpicarp 
and  seeds.  In  the  manufacture  of  red  wine  no  care  is  taken  to 
separate  the  seeds  antl  skins  of  colored  grapes  or  even  the  stems 
on  which  the  fruits  are  borne.    Port  wine  is  made  from  a  grape 
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grott-n  in  Ponugal.  the  wine  beinj;  chiefly  exported  from  Opurto. 
The  lemi  cl-\ket  is  applied  lo  a  red  wine  containing  a  small 
amount  oi  alcoltol.  BHAMiV  is  obtained  hy  the  dtstilhtinn  oi  tht: 
lenrnmled  juice  of  the  grape.  Champagne  is  a  prochict  obtained 
by  fermenting  graf>e  juice  to  which  nther  substances  have  been 
adrlecl.  and  contains  about  lo  per  cent,  of  alcohol  and  67  per  cent. 
01  carbon  dioxide.  Raisins  are  obtained  from  a  variety  of  I'itis 
finifcra  containing  a  high  pierccniage  of  sugar.  In  the  prepara- 
tion of  raisins  the  ripe  grapes  arc  dried  either  by  exposure  to  llic 
sun  or  artificial  heat.  In  grape  preserves  in  addition  to  the  inclis^ 
itngiiishable  celts  of  sarcocarp,  raphides  of  calcium  oxalate  occur. 
A  principle  resembling  toxicoilendrol  is  found  in  I'ttis  incon- 
stans  of  Japan.  A  greenish-blue  coloring  principle  occurs  in  f  'itis 
skyoidfs  of  South  America.  The  leaves  aii<l  twigs  of  VtK<axi.\ 
rkRKi'EH  nr  American  ivy  { Parthenortssus  qninqucfolia)  contain 
tartaric  acid,  glycolHc  acid,  paracatechin  and  inosiL 

XfX.      ORDER    SIALVALES. 

Tliis  order  includes  sexeral  families  having  rather  diversified 
diaracters.  The  stamens  arc  numerous,  the  sepals  are  valvate 
and  tJic  placentas  are  axillary. 

a.  FAMILY  EU^OCARP-ACF-.K— The  members  of  this 
family  are  shrubs  or  trees  mostly  indigenous  to  the  Tropics, 
They  are  distinguished  from  the  plants  of  the  other  families  of 
this  order  in  not  containing  lysigcnous  mucilage  canals.  A  prin- 
ciple yielding  hytlrocyanic  acid  is  found  in  Echinocarpus  Si^un 
of  Java.  A  yellow  coloring  principle  is  found  in  the  leaves  of 
I'alUa  cordifolia  of  Peru.  A  fatty  oil  is  found  in  the  seeds  of 
several  species  of  Elttocar^us.  A  numlxT  of  fruits  of  this  family 
are  edible.  Maqui  Fruit  is  obtained  from  Arisiotelia  Maqui  oC 
Chile  and  is  used  to  color  wine.  The  see<ts  of  Shanea  dcntata  arc 
eaten  like  chestnuts  in  Guiana. 

b.  TILIACE.S  OR  IJNDEN  FAMILY.— The  plants  are 
shmbs  or  trees  with  alternate,  simple  leaves,  and  with  white 
flowers  in  cymes  or  panicles.  In  the  Linden  or  Basswood  {Tiiia) 
the  peduncles  arc  partly  adnatc  with  the  long,  leaf-like  bracts. 
The  fruits  are  dry  drupes. 
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The  Bowers  of  the  European  Linden  ( 77/ia  euro f  tea )  contain 
►  fragrant  volatile  oil  and  are  nse<l  in  medicine.  The  flowers  of 
Sther  species  of  Tilia  also  contain  volatile  oils,  and  the  flowers  of 
Tiiia  tomctttosa  of  Southern  Iuiroi>c  are  used  to  flavor  champagne. 
The  leaves  of  TUia  t'uropo'n  contain  the  ^lucoside  liliacin.  Sev- 
eral species  of  Crcx\.*ti}  arc  used  as  fish  poisons.  A  purgative 
principle  is  found  in  the  seeds  of  Corchorus  oUtorius  of  Scmthcrn 
Asia,  Africa  and  South  America.  A  bitter  principle  occurs  in 
the  seeds  of  Corchorus  tridens  of  Arabia.  India  and  Kgj'pt.  A 
red<lish -colored,  fatty  oil  known  as  Al'EiitA  on.  Is  obtained  from 
the  seeds  of  Apciba  Tibourbon  of  (iuiana.  The  root  of  Gren-ia 
scabrophyUa  is  used  as  a  substitute  for  Altha^a  in  India.  Mucilage 
is  fotmd  in  the  flowers  and  fruits  of  a  nimiher  of  genera.  The 
leaves  of  Corchorus  sUiquosus  are  used  in  Panama  as  a  substitute 
for  lea.  .\  number  of  the  fruits  of  this  family  are  edible,  as  of 
Muutingia  and  Af*cihii.  The  ba.si  fillers  of  several  sjiecics  of  Cor- 
chorus, particidarly  C.  caf>suhris  of  China  and  India,  constitute 
jute,  which  is  used  in  the  making  of  cordage.  The  fiber  is  sep- 
arated bv  cold  retting  in  stagnant  water. 

c.  m'aLV.-\CF.^,  OR  MALLOW  FAMILY.— The  plants  are 
mostly  herbs  or  sliriibs  with  alternate,  simple  leaves,  and  regular, 
perfect,  large  llowcrs.  with  the  stamens  united  into  a  column  which 
encloses  the  styles  (  Fig.  82.  B),  and  a  capsular  fruit.  The  culti- 
vated ornamental   Hollyhock  and  Altluea  belong  lo  tliis  family. 

Althtra  ofliciniilis  or  marshmallow  is  a  iKTentiial  lierb  about  i 
M.  high  with  broadly  ovate,  peliolate.  acute,  dentate  and  lobed. 
pubescent  leaves:  the  flowers  are  2  to  4  in  number  in  the  axils  of 
the  leaves  and  have  rose-colored  petals.  The  bractlfts  are  linear 
and  the  fruit  consists  of  15  to  30  indehiscent  carpels.  The  root 
is  official  (p.  450). 

GossvpitM  species. —  The  plants  are  herbs  or  shrubs  with 
3-  to  5-lobed  leaves,  and  large  a.\illark'  flowers ;  the  fruit  is  a  5-Ioc- 
ular.  dehiscent  capsule  (Fig.  if^t)  :  the  seeds  are  spherical  nr 
somewhat  angular  and  covered  with  long  i-celletl  hairs,  which 
latter  constitute  cotton  (p.  440). 

There  arc  three  ini]X>rtant  cultivated  siH-cies.  ( I )  Sra 
Isi,.\Ni)  CoTTi)\  is  obtained  from  Gossyf'ium  harbadcnsc.  a  plant 
which  is  principally  cultivated  in  the  Soulbem  Tnited  Sutes  and 
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also  in  Northern  Africa.  Brazil,  Peru  and  Queensland.  This  spe- 
cies is  distinguished  by  the  fact  that  alter  removal  of  the  hairs 
from  the  scetls  lliey  are  smooth.  (2)  C  arboreum  has  purplish- 
rcd  flowers,  yields  a  particnlarly  white  cotton,  and  is  ctiUivatcd 
in  Kgypt,  Arabia  and  India.  (3)  G*.  hcrbaccum  is  distinguished 
by  its  broadly  lobcd  leaves  and  yellowish  flowers.    The  plant  has 
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1>een  cultivated  fi»r  over  jf^i  centuries  in  Arabia  and  the  East 
Indies,  and  since  1774  in  the  L'niied  Siati-s.  Of  this  latter  species 
there  are  a  nnmlwr  of  cultivated  varieties.  The  bark  of  the  root 
constitutes  llu-  cotton-root  bark  of  medicine  (p.  527). 

The  seeds  of  \hv  j;enus  Gossypium  ct^ntain  a  large  percentage 
of  fixed  oil.  which  is  olitained  by  expression  and  is  official  as 
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Cotton  skeii  oil.  The  residue  is  known  as  cotton  seed  oil-cake, 
and  contains  a  considerable  amount  of  proteins  with  a  small  quan- 
tity of  oil  and  a  poisonous  principle,  ricin.  A  fat  resembling  that 
of  Cacao  is  obtained  from  the  seeds  of  Pachira  macrocarf>a  ot 
Hrazil;  Kapnk  oil  is  derived  from  the  seeds  of  Eriodendron 
anfractuosum  caribieum  of  the  West  Indies. 

The  flowers  of  some  of  the  members  of  the  MaI\*acC9C  contain 
coloring  principles,  and  liave  been  used  for  dyeing,  as  Hollyhock 
{Alth<ca  rosa)  and  Mallow  {Malva  sylvcstns).  Musk  seeu  or 
.\mber  seed,  which  is  used  in  perfumery  as  a  substitute  for  musk, 
is  obtained  from  Abelmoschus  moschatus  indigenous  to  the  East 
Indies  and  now  ciiltivateil  in  other  troijical  countries.  Mitha  mos- 
chata  also  lias  the  odor  of  musk,  and  is  found  in  Middle  and 
Southern  Europe. 

Saponin  is  found  in  the  roots  of  Sidii  jomaicct\sis  and  UibUcus 
Sabdariffa  of  tht  East  and  West  Indies  ;  .Vitia  panicuiata  of  l^eru 
is  used  as  an  anthelmintic  and  the  action  is  supposed  to  be  due 
to  the  secreting  hairs.  The  seeds  of  several  members  of  tliis 
family  are  used  as  substitutes  for  coffee,  as  Abutitoti  vmticum  of 
Egypt,  and  ( >kra  or  Gumbt)  {Hibiscus  esculcntus).  The  leaves 
of  Sida  cmutricnsis  and  S.  rctusa,  the  latter  of  India,  have  l>een 
snbstitnte<l  for  tea  leaves.  The  fruits  of  several  of  the  memlx-rs 
of  this  family  are  edible,  as  Hibiscus  csculciitus,  which  yields  the 
vegetable  okra.  and  //.  ficuhicus  of  Ceylon  and  Egjpt  whidi  are 
used  like  beans. 

Filwrs  arc  obtained  from  a  number  of  the  other  members  of 
this  family,  as  the  liast  fibers  cjf  fftbiscus  lUiiiceus  of  the  Tropics, 
i7.  camiahinus  of  the  East  Indies,  I'rciia  lobata.  Abutilon  itidicum, 
Sida  rctusa.  and  Xapa-a  Inrvis.  all  cultivated  more  or  less  in  tropical 
countries. 

<1.  FAMILY  BOM RACE.^..— This  is  a  group  of  tropical  trees 
yielding  a  variety  of  useful  products.  A  gum  is  obtainetl  from 
Hdmbax  mohiharictitti.  and  mucilage  is  contained  in  the  genus 
( )chroma  and  several  species  of  Bombax.  The  root  of  Bombax 
mahbaricum  contains  tannin  in  addition.  Tlie  bast  fibers  of  a 
number  of  the  plants  of  this  family  are  used  like  cotton  in  making 
fabrics,  as  species  of  Bomba.x.  Chorisia  and  Adansonia.  Tlie 
fruits  of  several  of  the  Bombacex  contain  tartaric  acid,  as  the 
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Sour  Cucumber  tree  or  Cream-of-taktak  tree  {Adansouia  Grc^- 
orii)  of  iVortheni  Australia;  and  the  Monkev-bheaij  tuee  or 
Baobau  {Adausouiti  digitata)  of  inJia  and  South  America,  which 
attains  a  diameter  of  9  M.  The  green  fruit  of  Matisia  cordafa 
iif  the  Andes  region  is  edible.  The  seeds  of  Rombax  insiguc 
an<I  Matisia  Costoiion  of  South  America  yield  a  prndnct  on 
roasting  which  is  useci  like  cacao  bean.  The  seeds  of  Ci/t'd- 
niUcsia  umbcUata  of  I'eru  are  cdilile  and  contain  a  considerable 
quantity  of  fixed  oil. 

e.  STF.RCirT.IACE.15  OR  COI.A  FAMILY.— The  plants  are 
herbs,  shnibs  or  trees,  sometimes  liaiics,  with  niosdv  simple,  pclio- 
!ate,  ahcrnate  leaves:  the  flowers  arc  small  and  form  a  rather 
complex  jnftorcscence. 

Thcohroma  Cacao  is  a  small  tree  5  to  10  M.  hij;h.  with  cori- 
acetnis.  glaucous,  entire  leaves,  and  chisters  of  browni.sh  5-mer- 
ous  flowers  arising  from  the  ohler  branches  or  stem :  the 
fruit  is  large,  fleshy,  ovoid,  lo-furrowed  longitudinally,  yellow 
or  reddish,  and  contains  five  rows  of  seeds,  10  or  12  in  each  row 
(Fig.  1^7).  The  seeds  are  ovoid,  somewhat  flattened,  and  with 
large,  convoluted  cotyledor.s  which  break  up  into  more  or  less 
angidar  fragments  on  drying.  'I*hc  see<ls  contain  35  to  50  per  cent, 
of  a  fixed  oil  known  as  Caco  nt'TTKR  and  official  as  Oleum  Theo- 
bromatis;  15  per  cent,  of  starch:  15  per  cent,  of  proteins:  i  to  4 
per  cent,  of  theobromine;  0.07  to  0.36  per  cent,  of  caflFeine,  about 
0.5  per  cent,  of  sugar,  and  also  a  small  amount  nf  tannin.  The 
red  color  of  the  seed  is  (\\\q  to  a  principle  known  as  cacao-red 
which  is  formed  by  the  action  of  a  ferment  on  a  glucoside. 

The  Cacao  tree  is  indigenous  to  the  countries  bordering  the 
Ciulf  of  Mexico  and  is  now  cultivate<i  in  many  tropical  countries. 
Most  of  the  cacao  of  the  market  is  obtained  from  Fcuador  (the 
Guayaquil  variety  being  especially  valued).  Curai;ao.  Mexico. 
Trinidad,  and  the  Philippine  Islands.  The  seeds  of  the  wild 
plants  contain  a  bitter  principle,  the  ([uantity  of  which  Is  found 
to  be  greatly  reduced  in  the  ]>laiUs  when  under  cultivation. 
The  bitter  ])rinciples  in  the  raw  product  are  more  or  less  destroyed 
by  the  process  of  fermentation  to  which  the  seeds  are  sub- 
jected in  preparing  them  for  use.  which  at  the  same  time  develops 
the  aroma. 
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Cola  acuminata  is  a  tree  with  lanceolate  or  ubovatc,  acuminate, 
entire,  pt'tiolau-  leaves.  Tlie  flowers  are  yellowish,  unisexual, 
ant!  in  small  axillary  clusters,  frequently  arising  from  the  oI<l 
wood ;  the  fruit  consists  of  five  follicles,  each  containing  4  to  8 
seeds.  The  seed  is  made  up  of  two  lar^e.  fleshy  cotyledons.  They 
have  much  the  same  constituents  as  tracao.  but  the  prf)portions 
of  these  difi^er.  (See  Cola.)  The  leaves  of  WaltUcria  i^lomcntta 
are  used  as  a  hemostatic  in  Panama  like  matico.  as  are  also  the 
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Via,  167.     Cocoa  tree  (Tktolnoma  Catiiv)  showtnK  ihr  peculiar  h«bi(  of  the  fruits  in 
devckrptoti  on  the  main  ajci&  as  well  «»  on  tbc  bnuichcs.  -After  BaiUoo. 


leaves  of  Ptcrospcrmum  AccrifoUum,  The  inner  bark  of  frcmott' 
tia  catif'ornica  is  used  for  purposes  similar  to  tliose  of  elm  l>ark. 
Mucilage  is  also  foun<l  in  the  following  genera;  Pentapctcs,  W'al- 
thri-ia,  Guuzuma,  HcUctcrcs.  and  StcrcuUa.  Tannin  is  found  in 
the  l)ark  of  Ctuazuma  uhmfolia  of  South  America.  An  oil  is 
manufactured  from  the  seed.s  of  Stcrculia  fartida  of  the  East 
Indies  and  Gxhin  China.  The  sce<Is  of  a  number  of  species  of 
Slerculia  arc  edible,  /ibroma  angusia  of  India  yields  a  fiber  which 
has  been  suggested  as  a  substitute  for  silk. 
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XX.     ORDER   PAKrETALES. 

This  is  a  group  of  plants  of  rather  wide  ilistribution,  and 
includes  ]>ercnnial  herbs  like  the  violets;  evergreen  shrubs,  such 
as  the  Tea  plant;  anrl  vines  like  the  I'assion  flower.  As  the  name 
indicates  the  plants  of  this  order  are  characterized  by  the  flowers 
liaving;,  for  the  most  part,  ovaries  with  parietal  placentas. 

a.  FAMILY  DILLE\IACE.K.--Thc  plants  are  mostly  trop- 
ical trees  wliicli  yielil  valuable  timber.  The  wood  of  a  species  of 
Dillenia  growing  in  the  East  Indies  also  contains  red  coloring-  sub- 
stances. The  fruits  nf  DUlaiia  imJica  contain  citric  acid  and  are 
used  like  lenions.  The  leaves  of  Cumtcllo  atncricaua  contain  con- 
siderable silicon  and  arc  used  to  polish  wood.  Dillenia  speciosa  of 
India  contains  a  large  percentage  of  tannin.  Some  species  of 
Dillenia  arc  cultivated  and  tiK'  foliage  and  flowers  combine  to 
make  the  plants  the  most  beautiful  in  tlic  plant  kingdom. 

b.  MARaJRAVIACE.!-:.— The  members  of  this  family  are 
partly  epiphytic,  and  have  dimorphic  leaves,  the  smaller  ones  being 
pitcher-like.  The  plant  which  is  cultivated  in  greenhouses,  Marc- 
^nnia  umfuihia.  is  used  in  the  Antilles  in  medicine. 

c.  THEACE-K  OR  TEA  FAMILY.— The  plants  are  shrubs 
or  trees  with  alternate,  evergreen  leaves,  and  jwrfect,  regular 
flowers  with  numerous  stamens.  occurriTig  one  or  more  in  the 
axils  of  the  leaves.  The  fruit  is  a  3-  to  5-locuIar,  dehiscent  capsule. 
The  most  important  member  of  this  family  is  Thea  sinensis,  the 
two  varieties  viridis  and  Bohca  furnishing  the  leaves  known  as 
TEA.  The  Tea  tree  is  indigenous  to  Eastern  .-Vsia.  and  is  now 
extensively  cultivated  in  China.  Japan.  India.  Java,  Brazil.  Sicily, 
Portugal  and  France,  and  to  some  extent  in  the  Southern  United 
States. 

The  fresh  leaves  of  Thea  do  not  have  the  properties  which 
characterize  tlie  commercial  article,  the  aroma  and  other  qualities 
being  develo^jed  after  si>ecial  treatment.  Two  general  classes  of 
tea  are  found  in  commerce,  these  <Iepending  on  the  mode  of  treat- 
ment. Those  which  arc  rapidly  dried  by  means  of  artificial  heat 
constitute  Green  tea.  Tlie  leaves  which  are  slowly  dried, -pcr- 
nu'tting  fermentation  to  set  in,  furnish  Black  tea.  Tea  leaves 
contain   1.5  to  3.5  per  cent,  of  caffeine;  theobromine  and  the^ 
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ophylline  (an  isomer  of  theobromine) ;  lo  to  jo  per  cent,  of  gallo- 
tannie  acid:  quercitrin.  and  a  volatile  oil  containing  among  other 
components,  methyl  salicylate.  Hie  seeds  contain  about  30  per 
cent,  of  fixed  oil.  i  per  cent,  of  caffeine,  and  saiiontn.  The  leaves 
furnish  one  of  the  sources  of  the  official  cafifcinc.  Saponin  is 
found  in  the  seeds  of  Tltca  Sassatiquu  of  CTiina  and  Japan.  Two 
saponin-like  substances  (assamin  and  assatninic  acid)  arc  found 
in  the  seeds  of  Thca  assantica.  The  flowers  of  7*.  Sassauqua  are 
used  in  China  and  Japan  to  tlavor  leas.  The  flowers  and  leaves 
of  Thca  Icissi  arc  used  as  an  insecticide.  The  rctj  colored  sap  of 
Laplacea  Hcrmatoxylon  of  New  (iranada  is  used  in  medicine. 

d.  {;iTTTn-KRl'K  OR  GAMHCXIE  FAMILY.— The  plants 
arc  principally  shrubs  an<l  trees  of  the  Tropics,  that  is,  if  we 
exclude  the  I  lypericaceac  which  are  now  put  in  a  group  by 
themselves. 

Garcinia  Hatiburyi  is  a  tree  with  ovate,  pctiolate,  coriaceous, 
opposite  leaves.  The  (lowers  are  small,  yellow.  iHcecious,  occur- 
ring in  small  clusters  in  the  axils  of  the  leaves.  The  fruit  is  a 
pome-like  berry,  with  a  papery  cndocarj)  and  an  oily  .sarciHrarp. 
and  3  or  4  seeds,  i  in  each  loculus  (Fig.  168).  The  trees  are 
chiefly  valued  on  account  of  the  gum-resin  known  as  ganilx)gi' 
(p.  648),  which  they  contain. 

A  resin  used  in  making  plasters  is  obtained  from  Calophyllum 
brasiiicMse  of  Brazil,  llalsams  resembling  Copaiba  have  been 
obtained  itonVCalophyllum  Calaba  of  the  West  Indies.  Balsams 
known  as  Tac.\.\iah.\c  are  also  derived  from  the  following  plants: 
Bourbon  Tacamahac  from  Colo  pity  Hum  Tacamahaca.  India  Taca- 
mahac  from  C  apctalum  and  Brazilian  Tacamahac  from  Rhecdia 
Madniutw.  Balsams  arc  also  obtained  from  Caraipa  iirandiflorn 
of  Brazil,  and  Rhecdia  acttminata  of  Peru.  Resins  and  balsams 
are  obtained  from  a  number  of  species  of  Clusia. 

A  yellow  coloring  princiiile.  mangostin,  is  obtained  from  the 
bark  and  fruit  of  Mangosteen  (Garcittia  Mant^ostatut)  of  the  East 
Indies.  Yellow  coloring  principles  are  found  in  Ochrocarpus 
lon^ifohtts  of  India  and  I'ismia  acutnittata  of  South  America. 
Tannin  occurs  in  Mahurea  pahstris  of  Brazil,  Xffsna  ferrea  of 
the  East  Indies,  the  flower-buds  of  Ochrocarpus  hmiiifolius  of 
India,  and  several  species  of  Cratoxylum  of  China  and  Java. 
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Edible  fruits  arc  yielded  by  the  following  plants:  XLvnoo 
FRt;rr  from  Garcinia  Sfattgostana  and  other  species  of  Garcinia; 
Mammei  appi-K  or  Apricot  of  St.  Dominjjo  from  Mammco  amcr- 
icana  of  tropical  America,  the  latter  being  used  in  tlie  prepara- 
tion of  Marnnicy  wine  or  "  Toddy  "  and  a  liquor  known  as  *'  Eau 
de  Creole."  The  seeds  of  Ptatonia  ittsigtiis  are  used  like  ahnonds 
in  Brazil  and  Paraj^uay  ;  the  fruit  of  the  latter  plant  is  ijuite  acid 
and  is  eaten  with  sugar. 

e.  HYPERICACKJ-:  OR  ST.  JC)H\'S-\VC)RT  FAMILY.— 
The  plants  arc  herbs  or  shrubs  of  the  temperate  regions,  and  are 
represented  in  the  United  States  by  the  Hypericums,  which  arc 
quite  common.  The  flowers  are  characterized  b\'  the  numerous 
stamens  which  are  tniiled  into  disiinct  groups  or  clusters.  The 
flowers  of  Hypericum  perforatum  or  Common  St.  John's-wort 
contain  yellow  and  red  coloring  principles.  Yellow  coloring  prin- 
ciples have  also  been  isolated  from  Hypericum  lancifolittm  of 
Ecuador  and  H.  elodcs  of  Northern  Europe.  The  entire  plant  of 
H.  perforatum  is  used  in  medicine  and  contains  considerable  resin. 
and  a  small  amount  of  volatile  oil. 

r.  FAMILY  niPTEROCARPACE.*:.— Tlie  plants  of  this 
family  are  principally  trees  and  indigenous  to  tropical  .\sia.  The 
faniilv  derives  its  name  from  the  winged  fruits  of  the  principal 
genus  Dipterocarpus.  A  number  of  economic  prmlucts  are  fur- 
nished by  this  group  of  plants.  Borneo  c.\.mi'H(»r  is  obtained 
from  Dryobalauops  aromtilica.  The  camphor  sq)arates  iu  canals 
in  the  older  parts  of  the  wood  and  between  the  wood  and  bark, 
and  i.s  obtained  by  felling  the  trees,  .splitting  the  woofi,  and  then 
removing  the  camphor  by  band.  Owing  to  the  fact  that  some  of 
the  trees  do  not  contain  camphor,  it  is  sometimes  necessary  to  fell 
a  hundred  trees  in  order  to  obtain  6  or  8  K.  of  the  product.  The 
young  twigs  of  this  plant  as  well  as  the  older  wood  yiel<I  a  volatile 
oil  known  as  Oil  of  Borneo  camphor. 

GURJUK  BAKSAM  or  Wood  oil  is  obtained  from  a  number  of 
species  of  Dipterocarpus  growing  in  the  East  Indies  by  incising 
the  stems  as  in  the  collection  of  turpentine.  The  balsam  is  used 
as  a  substitute  for  copaiba  and  contains  an  ethereal  oil  which 
consists  chiefly  of  a  sesquiterpene,  an  indifferent  resin,  and  gur- 
junic  acid.    Siniwr  balsam  is  obtained  from  Dipterocarpus  mar- 
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ghujius  of  Borneo.  A  resin  known  as  "  Pinev  resin,"  which  is 
used  as  a  substitute  for  Dammar,  is  obtained  from  a  number  of 
sjiecies  of  Valeria  growing  in  Jiidia.  Cuaia  hesin  is  obtained 
from  Shorca  nihifolia  of  Cochin  China.  Tlie  I>ark  of  Shorca 
robnsta  of  Xorlhern  India  contains  32  \wt  cent,  of  tannin.  The 
seeds  of  species  of  Shorca,  l*iiuvi}^a.  Cysbcrtsidita  and  Isofftcni 
yield  the  fatty  oil  known  in  Java  as  Tangkawan<;.  The  seeds  of 
a  numlKT  of  plants  of  ihis  family  contain  considerable  starch,  as 
Valeria,  Vatica  and  I)ix)na.  The  woorls  of  the  following  genera 
arc  cxteHsivciy  used ;     \alica.  Shorca.  ami  Hopca. 

g.  FAMILY  TAMAKlCACli.K.— 'Hic  plants  arc  halophytic 
shrubs  found  in  tliL-  duscil  regions  of  Central  .\.sia  and  Mediter- 
ranean countries  and  one  genus  {Fouqmeria)  is  found  in  Mexico. 
foHiiutcria  sptcinicns  is  cultivated  to  some  extent.  an<l  is  known 
as  Ocotilla  or  Coacli-wbip  I'acUis.  The  hark  contains  gum,  resin 
and  wax;  the  latter  is  known  as  Ocotuxa  wax  and  resembles 
beeswax.  The  twigs  of  Myricaria  sicrtnanica  of  Eurojie  arc  used 
as  a  substitute  for  bops.  .V  manna-like  sugar  is  formed  on  the 
stems  of  Tomarix  manmfera  growing  in  Eg^pt,  .Arabia  and 
Afghanistan,  as  the  result  of  the  sling  of  an  insect  (Coccus  manni- 
f*arus).  Tannin  is  found  in  a  number  of  species  of  Tamarix  as 
well  as  in  the  galls  fonne<l  on  the  plants,  the  tannin  being  use<l 
for  dyeing.  A  tabic  salt  is  prepared  from  the  ash  of  several 
species  of  Rcaumurm  found  in  Northern  .\frica  and  the  Hast 
Mediterranean  region. 

h.  FAMU.Y  mXACni.K.— These  are  shrubs  or  trees  found 
in  the  Tropics,  and  are  of  interest  chiefly  on  account  of  the  seeds 
of  Bixa  Orellatto  which  furnish  the  coloring  matter  known  as  | 
Ankatto  fOrlean.  Arnotta).  The  plant  is  found  in  tropical 
America  and  also  in  Polynesia  and  Ma<lagascar.  The  seeds  are 
covered  with  a  fleshy  arillus  from  which  the  coloring  matter  is 
prepared  by  means  of  water.  The  insoluble  matter  is  collcctcl. 
made  into  cakes  and  cliielly  used  for  dyeing  and  coloring.  Annatto 
contains  a  red  cn.slalline  princi]»le.  bixin,  a  yellow  coloring  prin- 
ciple, orcllin.  and  an  ethereal  oil.  The  root  of  this  |>Iant  also  con- 
tains some  coloring  matter.  \  yellow  coloring  principle  is  foimd  in 
Cochloxf>cniiutit  tiuctoriuni  of  Scnegambia  and  an  aromatic  resin  is 
obtained  from  Cochlospennum  Coxsypium  of  Ceylon  and  Malabar. 
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i.  FAMILY  VVINTER.ANACE.E  OR  CANELLACE.^.— 
These  are  trees  witii  aromatic  barks  having  an  odor  ni  cinnanion  ; 
pellucid-punctate  leaves ;  and  fjoMen-yellow  flowers.  I'he  most 
imjiorlant  inciiiher  oi  tliis  family  is  H'imcraim  Ctviclla  j^jrowing  in 
the  Antilles  atul  in  Southern  Florida,  which  fnniishes  the  Canrlla 
DARK  or  False  Winter's  hark  used  in  merlicirie.  The  l>ark  occurs 
in  large  cjuills  or  hrokcii  pieces,  from  3  to  10  mm.  thick,  with  the 
IH^idcnn  nearly  entirely  removed,  the  outer  surface  yellowish  or 
orangc-rcd  with  transvcrsclv  elongated  patches  of  cork  and  shal- 
low, whitish  depressions;  the  fracture  is  short  with  numerous  resin 
canals;  the  odor  aromatic:  taste  aromatic,  hitter  and  pungent.  It 
contains  niannitol.  resin  and  0.5  to  1.28  {tcr  cent,  of  a  volatile  oil 
containing  cugenol,  cinneol,  caryoi)hyllene  ami  piucne.  The  hark 
of  one  or  more  species  of  Cinnamodondron  of  tropicil  America  is 
sometimes  substituted  for  ("anella  bark,  hut  it  is  distinguished  by 
containing  tannin,  which  constituent  is  not  found  in  C'anclla. 

j.  VIOLACE^K  OR  VIOLET  FAMILY  — The  plants  are 
herbs  or  shrubs  with  basal  or  alternate  leaves,  perfect,  irregular 
Howers,  and  ,^-valve<l  dehiscent  capsules  (Fig.  134,  J).  The  best 
known  representatives  of  this  group  are  the  cultivated  species  of 
the  genus  \*io]a,  inchub'ng  the  F.ngUsh  or  sweet  violet  (  Fto/n  odor- 
nta ) ,  which  produces  a  volatile  oil  containing  ionon  ;  an<i  the  varie- 
ties of  Viola  tricolor  vulgaris  which  furnish  the  pansies  of  the 
garden.  Tlie  entire  herb  of  Violp  tricolor  has  been  used  in 
medicine  and  contains  tlie  yellow  coloring  principle  viola-qnerrit- 
rin,  salicvlic  acid  and  methvl  salicylate  (Figs.  70,  93,  100.  wR"). 

k.  FAMILY  FLACoIt^TIACK.T:.  — These  are  tropical 
^iiruhs  an<l  trees,  and  are  chiefly  of  interest  because  of  their  valua- 
ble woods  and  acid,  juicy  fruits.  A  number  of  them  are  of  me<licinal 
interest.  CiiAT'LMitcRA  011.  is  said  to  be  obtained  from  the  sceils 
of  Gynociirdia  odortUa  of  Farther  India.  The  seeds  also  contaitt 
gj*nf>cardic  aci(l  and  hydrocyanic  acid.  The  latter  is  also  present 
in  the  seeds  of  ffydiwcarfius  venctiata  of  Southern  India  and 
Ceylon  and  the  leaves  of  Kisgclaria  africam. 

A  number  of  species  of  L^tia  growing  in  Cuba  yield  a  resin 
resembling  sandarac.  The  Coccos  oil  which  is  used  in  perfumery 
is  obtained  from  several  species  of  Myroxyton  growing  in  Poly- 
nesia.   Tiie  fixed  oils  from  the  seetls  of  Gvnoairdia  odorata  anci  of 
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•cTcral  ffpeocs  of  Pan£mm  are  med  m  oooldng.  A  bitter  pciuuple 
ocrtm  in  the  hvk  ai  Cairmia  mditwim^ms  of  BraziL  A  porgatire 
principtc  is  fonad  in  C  escutmta  of  (mpica]  Asa  and  Australia. 
The  ror4  of  Homtalimm  racemoittm  of  Gutana  contains  an  astrin- 

gciit   pTTDC^lle. 

L  FAMILY  TIR\HRACE.E.— Thcsr  plants  an-  herbs. 
shrubs  and  tree»  ntoftly  lotind  in  tropical  America,  and  are  of 
iirtrreet  on  aococint  of  the  leases  of  Tumfra  diffusa,  parlictdarlv 
Uie  variety  afhrodisiaca,  wltich  yield  the  Dauiana  of  medicine 
cftcemed  as  a  Ionic  laxative  like  Rhainntu  Pur&hiana.  The  dn^ 
tisuallv  confriscs  of  leaves  although  the  reddish  stems.  veHowi^h 
floicers  and  globtilar  capsules  mar  be  prrscnt.  The  leaves  are  aboat 
25  mm.  long,  varying^  from  obtanceolate  tu  nbovate  ;  the  margin  is 
serrate-dentate ;  the  arfor,  light-green  (older  leaves  somewhat  cori* 
aceous  anil  putrescent  > :  the  od(»r  aromatic  :  taste  aromatic  ami  tnt- 
ter.  iMmiana  contains  a  voLitile  oil,  resin,  and  the  bitter  principle 
damianin.  Ethereal  oils  are  found  in  other  species  of  Tumera. 
and  T.  aHgujfifolia  of   Mexico  contains  considerable  mucilage 

m.  rASSIKLORACE.?-:  OR  PASSION-FLOW  F.R  FAM- 
ILY.— The  plants  arc  mosth  herbaceous  or  woody  vines  climbing 
by-  mean*  of  tendril*,  with  alternate,  palmately-lobed.  petiolalc 
leaves  and  solitan.  perfect,  regular  Howers.  The  flowers  are 
ficcuiiar  in  tliat  between  the  corolla  and  stamens  there  are  numer- 
ous, frei|nrtitly  petaloid.  colored,  sterile,  filamentous  bodies  which 
are  known  collectively  as  the  "corona."  The  fruit  is  a  berry  or 
deliiMrent  capsule.  The  genus  Passiflora  is  known  as  the  Passion- 
flower Iwcause  the  flowers  are  considered  to  be  emblematic  of  iIm? 
Crucifixion,  the  cornna  rq>resenting  the  crown  of  thorns,  the 
stamens  the  nails,  and  the  g>Tuedum  with  its  three  styles,  the 
three  thieves.  Tlie  rhizomes  of  the  Passion-flowers  of  the  South- 
ern Stales  (Passifiora  xucarnata  and  P.  lutca)  have  been  used  in 
mcflicine.  Not  much  is  known  with  regard  to  the  active  principles 
of  thesctwnj)Iants  or  of  the  tbirt)'  other  species  of  Passiflora  which 
are  n«d  in  medicine.  The  fniits  of  several  species  of  Pa-siii- 
flora  are  edil)lc.  and  a  number  of  them  are  cultivated  on  account 
of  their  heaiitifid  as  well  as  odorous  flowers. 

n.  CARICACE.T:  or  PAPAW  FAMILY.— Tliis  family  i^ 
composed  of  two  genera  of  latex-containing  trees  growing  in  trop- 
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ical  .\niencaf  the  best  known  of  which  is  the  j^eiius  Carica.  The 
I^paw  or  Melon  tree  {Carica  Papaya)  is  a  small  tree  witli  a 
straight.  slentlcT,  usually  unbranchod  trunk  which  liears  at  the 
summit  a  cUisti-r  of  long-petiolate,  (lccpl>-lolH-(l  leaves.  The 
flowers  arc  dioecious,  and  the  fruit  is  a  large,  melon-like  berry. 
The  green  fruits  as  well  as  the  leaves  contain  a  milk-juice  which 
is  obtained  by  incising  them.  The  iiialerial  is  dried  and  is  used 
in  medicine  on  account  of  its  containing  a  proteolytic  ferment, 
papain  or  papayotin,  which  is  active  in  the  presence  of  both  acids 
and  alkalies.  The  leaves  and  fruit  also  contain  the  alkaloid  car- 
paine.  and  in  addition  the  leaves  contain  the  glncosidc  car|>osid. 
The  root  contains  a  gIucosi<Ie  somewhat  rcseniWing  poias:*ium 
myronate  and  a  ferment  which  has  a  decomposing  action  upon  it. 
A  proteolytic  ferment  is  also  present  in  the  leaves  of  Carica  qucr- 
cifoiia  of  Argentina.  The  melon  tree  is  cultivated  on  account  of 
the  fruits,  which  are  edible. 

o.  BEGONIACE-^. — This  is  a  family  of  tropical  plants  wliich 
are  extensively  cultivated.  'Hiey  are  herbs  or  shrubs  frequently 
with  tuberous  rliizomes  and  with  diaracteristic,  asNinmetric.  varie- 
gated leaves.  They  are  easily  prof>agated  by  cuttings  providing 
Ihey  have  sufficient  moisture,  even  the  leaves  giving  rise  to  new 
plants.  The  roots  of  Bcgouia  ancmouoidcs  of  South  .\merica  and 
B.  gracilis  of  Mexico  contain  purgative  principles.  Calcium  oxal- 
ate and  aci<l  oxalates  are  found  in  the  leave*  of  probably  all  of  the 
species  of  Bci*on\a.  The  rix)ts  of  a  number  of  species  of  this 
genus  arc  astringent. 

p.  DAT1SC,\CE.'K. — The  plants  are  trees  or  shrubs  found 
principally  in  the  Tropics.  .\  hitler  principle  is  found  in  the  Yel- 
low hemp  (Datisca  can$iabi»a)  of  Soythem  Europe  and  the 
Orient.  TTie  root  contains  a  yellow  coloring  principle,  datisdn. 
which  is  used  in  the  dyeing  of  silk.  The  wood  of  Octomctcs  and 
Tetramcles  is  used  in  the  making  of  tea-chests. 

XXI.      ORDER  OPUNTIALES. 


TTie  plants  of  this  order  are  succulent,  with  much  reduced 
leaves,  and  with  flowers  characterized  by  having  a  perianth  with 
numerous  segments  and  an  inferior  ovary. 
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a.  CACTACE-*:  OR  CACFLS  KAMILV.— This  is  a  remark- 
able latntly  of  succulent  plants  growinjr  largely  in  the  arid  regions 
ot  Mexico,  Brazil  and  other  parts  of  America.  The  stems  arc 
more  or  less  Hattcncd,  terete  or  tttberculated,  in  some  cases  becom- 
ing branched  and  woo<ly.  Tlic  leaves  are  reduced  to  scales,  but 
are  sometimes  larger,  more  or  less  cylindrical  or  dorsiventral,  and 
usually  drop  off  sixtner  or  later.  In  the  axils  of  the  leaves  or  leaf- 
scars  there  are  usually  groups  of  hairs  and  spines.  The  flowers 
are  mostly  solitary,  sessile,  perfect,  regidar  and  conspicuous.  The 
fruit  is  tisually  a  fleshy  berry,  the  fruits  of  a  number  of  species 
being  edible. 

<Juile  a  luimber  of  the  Cacli  have  been  used  in  medicine,  the 
one  most  commonly  employed  being  the  Nii;nT-nLOOMiXG  Cereus 
(Circus  firaudifioriis),  which  is  extensively  cultivated  on  account 
nf  its  rtowers.  Tlic  flowers  antl  fresh  stem.';  are  the  parts  used. 
They  contain  several  acrid  principles  including  probably  an  alka- 
Iditl  and  a  glucusi<le,  the  drug  resembling  in  its  action  digitalis. 

.\li-:scAi.  HUTTONS  {Aiihulotiium) .  are  the  dried  tops  of  several 
species  of  Lnfthophora  growing  in  Northern  Mexico.  The  main 
axis  of  the  plant  is  imder  the  ground  ami  pniduccs  at  certain 
points  small  aerial  shoots  which  are  more  or  less  bnttnn-shaped 
or  tlisk-like.  being  alwitt  20  to  50  mm.  in  diatueter.  In  the  center 
of  the  disk  (K"cur  tufts  of  hairs  which  vary  in  the  different  species, 
and  among  which  are  usuall)  found  one  or  more  pinkish  flowers. 
The  drug  has  Iwen  used  like  Night-blooming  Ccreus.  and  con- 
tains several  alkaloids,  namely,  anhalonine  (similar  to  pellotine). 
mescaline,  anhalonidine  and  lophophorinc.  Alkaloidal  principles 
are  al.^o  found  in  other  members  of  tliis  family. 

The  sap  of  several  species  of  Ccrcus  of  the  Antilles  has  anthel- 
mintic properties,  as  also  that  of  certain  sj>ecies  of  Rhiftsaiis  and 
Opuntia.  .\  caoutchouc -like  exudation  is  obtained  from  0(funtia 
vulgaris  and  other  species  of  Opuntia  growing  in  the  West  Indies. 
An  astringent  principle  is  found  in  the  root  and  bark  of  Opuntia 
Kan^iitskiatta  of  Mexico.  A  tragacanth-Iike  gum  is  found  in 
Peircskia  Guacamaclw  of  Venezuela,  Opuntia  ruhcsccns  of  Brazil 
and  0.  Tuua  of  the  West  Indies.  Mexico  and  South  America.  An 
alcoholic  beverage  is  made  by  the  Indians  of  Sonora  from  the 
fniil-juice  of  Ccrctis  Thunbcrgii. 
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A  number  of  species  of  Opuntia  yield  ediblt*  fruits.  The 
Pkickly  pear  is  the  fruit  of  Opuntia  Tuna  growing  in  t)ic 
West  Indies  and  tropical  America;  Inihan  vu;  is  derived  fnim 
Opuntia  Ficiis-Indica  growing  in  Soutliern  Europe.  f>artictilarly 
Sicily ;  a  fruit  also  known  as  Prickly  jxar  or  Indian  fig  is  derivetl 
from  Opunlia  vulj^aris.  a  common  Cactus  growing  in  sandy  soil 
in  the  Kasteni  I'niled  Stales.  The  0»t:niN'EAL  insect  which  is 
official  under  the  name  of  coccus  in  a  number  of  phannacopceias 
{Pseudo-coccus  Cacti)  lives  on  the  following  Cacti:  Xopalca 
coccineUtfcra  of  Jamaica  and  South  America,  Opuntia  Tuna  and 
0.  Dillemi  both  of  tropical  America,  and  Petrcskia  acuUata  of 
the  Antilles. 


XXn.    ORDER    MVRTALES    OR    MYHTIFUJR-E. 

The  plants  are  herbs  or  shrubs  with  complete  flowers,  rarely 
apetalous,  producing  one  or  more  ovules  in  each  loculus. 

a.  THYMEU^ACE.K  OR  MKZEREUM  FAMILY.— The 
characters  of  this  family  are  illustrated  by  the  Spurge  laurel  or 
Mezereon  {Daphne  Mczercnm)  which  is  a  small  shrub  about  i  M. 
high,  with  oblong-lanceolate,  acute,  entire,  sessile  leaves,  and  small 
groups  of  fragrant  flowers,  the  perianth  lube  of  which  is  purplish- 
red  or  while.  ITie  fruit  is  an  ovoid,  reddish  drui>e.  The  bark  of 
Daphne  Mc=ercum  and  other  species  of  Daphne  is  used  in 
medicine  (p.  536). 

The  bark  of  Funifcra  ntilis  of  Brazil  contains  a  vesicating 
principle.  A  principle  with  similar  properties  is  found  in  the 
bark  of  I-eather  wood  [Dirca  pahistris)  of  the  FCastern  L'nited 
States  and  Canada.  The  fruit  and  leaves  of  Gnidia  carinata  of 
Cape  Colony  contain  emetic  and  drastic  principles.  A  poisonous 
principle  is  found  in  Pimclca  Irtchnstachya  of  .Vnslralia.  A 
yellow  coloring  principle  is  fouml  in  several  species  of  Daphne 
and  Thymcla-a.  The  wood  of  Aquihria  A^allocha  of  India  and 
China  is  aromatic  and  resembles  the  *'  Aloe  wood."  A  balsam  is 
obtained  from  the  wckxI  of  Pimclca  oleosa  of  Cochin  China.  The 
hast  fibers  of  quite  a  nnml>er  of  plants  are  used  in  tlie  making  of 
paper,  as  of  Daphne  in  India,  Gnidia  of  Madagascar,  La^etta  (L. 
lintearia  or  Lace-tree)  of  Jamaica  and  St.  Domingo,  Thymelaa 
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of  the  Mediterranean  countries  and  Lhtodciidron  of  Cuba.  The 
filjers  o^  Leather  wood  {Dirca  patustris)  of  the  liastcm  United 
States  and  Canada  are  said  to  be  used  in  a  similar  manner. 

b.  FAMILY  EL^AGNACE.K.— This  is  a  small  family 
represented  in  the  United  States  by  several  genera,  among  which 
is  the  Buffalo  Ixrrry  {Lepar^yr<ra  ar^entca).  a  ihomy  shrub  found 
in  the  western  part  of  the  L'nitcd  States  and  ihc  Xorthwest  Terri- 
tory. The  fniit  is  a  reddish  drupe-like  berry  which  contains  a 
small  amount  of  citric  and  malic  acids.  5  per  cent,  of  sugar,  and 
in  coniptisition  is  much  like  die  currant.  It  is  eaten  by  the  Indians, 
and  used  to  a  great  extent  in  the  Wcstem  States  in  the  making  of 
jellies.  The  leaves  and  flowers  of  a  number  of  species  of 
Elseagnus  are  used  in  medicine. 

c.  LVTMRACE^  OR  LOOSESTRIFE  FAMILY.— The 
members  of  this  family  are  herbs,  shrubs  and  trees  usually  with 
opposite,  entire  leaves.  The  flowers  are  in  racemes  and  the  fruit 
is  a  capsule.  Quite  a  number  of  the  plants  yield  valuable  woods 
and  a  number  are  cultivated  as  ornamental  plants. 

The  flowers  of  Woodfordia  Horihunda  of  India  contain  a  red 
coloring  principle,  and  the  bark  and  leaves  of  Lafarnsia  Pacari  of 
Brazil  contain  a  yellow  coloring  principle.  Considerable  tannin 
is  found  ill  the  root  of  the  Purple  loosestrife  {Lythriim  Snticaria) 
of  the  Northern  L-nited  States  and  Canada,  and  widely  distrib- 
uted in  the  1  >ld  World;  and  also  in  the  fruit  of  Woodfordia 
Horibitnda.  a  plant  which  is  extensively  cultivatctl  in  greenhouses. 
A  bitter  principle,  ncssin.  is  found  in  the  leaves  of  Nestra  syphili- 
tica of  Mexico  and  probably  other  species  of  this  genus.  Cuphca 
viscosa  of  Mexico  is  said  to  resemble  digitalis  in  its  physiological 
action.  A  vesicating  principle,  resendding  cantharidin  in  its 
action,  is  obtained  from  the  fresh  leaves  of  Ammam\i  baccifcra  of 
India.  A  narcotic  principle  is  found  in  the  seeds  of  La^crsfrarmia 
Flos  rcjiituc  of  India.  The  flowers  of  Lawsonia  inermis.  native  to 
and  cultivated  in  the  Orient,  have  an  oflor  resembling  that  nf  the 
Tea  rosf.  The  shrub  is  alho  cultivated  to  some  extent  in  the  West 
Indies  and  is  known  in  the  Orient  as  the  Henka  plant.  The 
leaves  are  used  in  the  prei)aralion  of  the  cosmetic  Hinha.  They 
contain  an  orange  or  brownish-yellow  dye  which  is  used  in  the 
dyeing  of  the  skin  and  hair. 
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d.  PUNICACE^:  OR  POMEGRA.VATE  FAMILY  includes 
a  single  genus  of  two  species.  Tht  Pomegranate  {PuuUa  jiraita- 
turn)  indigenous  to  the  Levant  and  now  extensively  cultivated  is 
of  chief  interest.  The  plants  are  small  trees,  the  voung  twigs  of 
wliicli  are  4-angled  and  frct|nently  thorn-like.  Tlie  leaves  are 
opposite,  ovate- lanceolate,  enure,  short-petiolate.  The  torus, 
calyx  and  corolla  arc  scarlet,  and  the  gynaecium  consists  of  two 
whorls  of  carpels.  The  frnii  is  an  inferior  edible  berry  with  hard 
pericarp  or  rind.  The  puli>y  |>ijrlion  is  formed  from  the  outer 
layer  of  the  seed-coat.  The  bark  of  the  root  and  stem  is  used 
in  medicine.  (See  (iranaliiin.  p.  534.)  The  rind  of  the  fruit  is 
used  as  an  astringent  because  of  the  tannin  which  it  contain?^ 
It  does  not  appear,  however,  to  contain  the  alkaloids  found  in  the 
official  bark. 

c.  KAMILV  LKCVTUIDACK/K.— The  plants  are  mostly 
shrubs  and  trees  indigenous  to  the  Tropics.  They  are  of 
chief  interest  on  account  of  the  Braztl-nut  or  Para-nut 
obtained  from  BcrtUoUctia  cxcclsa,  and  the  Sapucaya-nut 
obtained  from  the  Monkey-pot  tree  (one  or  more  species  of 
Lecythisj,  both  genera  of  South  America.  The  seeds  (so-called 
nuts)  arc  rich  in  oil  aitd  proteins  and  are  edible.  The  fruit  of 
Cttrcya  arborca  is  ilrupaceous  and  is  also  edible,  the  see<ls  being 
considered,  however,  to  be  poisonous.  Bitter  narcotic  or  poisonous 
principles  are  also  found  in  the  fruit  of  Planchoitia  valida  of  the 
Molucca  Islands  and  the  seeds  of  a  number  of  species  of  Lecythis. 
The  fruits  and  roots  of  a  number  of  species  of  Barritiiitonia  are 
used  in  (."hina  and  Java  to  sttipefy  fish.  The  pericarp  of  the  fruit 
of  Pfrtida  moschala  of  Guiana  contains  considerable  quantities  of 
an  ethereal  oil.  The  flowers  of  Grios  cauHfJora  of  the  ,\ntilics 
are  used  like  tea.  A  cooling  drink  is  made  from  the  sarcocarp  of 
CouroHpita  ^^uianensis  of  the  West  Indies  and  Cuiana. 

f.  RHIZOPHORACE.K  OR  MAXGROVE  FAMILY.— 
These  are  tropical  shrubs  or  small  trees  with  evergreen,  cori- 
aceous leaves,  small  cymose  and  axillary  flowers,  and  seeds  which 
germinate  while  the  fruit  is  still  attached  to  the  plant.  The  best 
known  genus  of  this  family  is  Rhizopliora  (Mangrove  tree),  of 
which  there  are  three  species,  the  Amenican  Mangrove  being  R. 
mangle.     Tliis    tree   produces   aerial   roots   on   the   stems   and 
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branches,  and  leaves  which  are  characterized  by  a  number  of  layers 
of  water-containing  cells.  The  plants  grow  in  muddy  swamps, 
or  along  the  sea-coast  where  the  water  is  brackish,  a  number 
together  forming  the  so-calle<i  *'  .Mangrove  swatnps." 

The  root  and  bark  of  the  Mangrove,  as  well  as  other  species 
of  Rhizophora  and  several  species  of  llrngiiiera.  contain  a  Urge 
<|uantily  of  tannin  which  resembles  catechu.  The  aerial  rt)ots  of 
Rliizophora  arc  used  b\'  tlie  natives  of  Polynesia  in  the  making  of 
bows,  and  the  woods  of  several  genera  are  used  in  carpentry. 

g.  MYRTACE/E  OR  MYRTLE  FAMILY.— This  is  a  group 
chiefly  of  shrubs  and  trees,  some,  as  of  species  of  Eucalyptus, 
being  the  loftiest  trees  known,  attaining  a  height  in  some  instances 
uf  105  M.  The  plants  are  indigenous  tn  Austraha  and  tropical 
America  and  some  are  extensively  cultivated. 

EucALvrris  species. — The  leaves  frequently  vary  in  shape 
and  in  arrangement  on  the  young  and  ohler  branches  of  tiic  same 
plant.  On  the  young  branches  they  may  be,  as  in  Eucalyptus 
Globulus,  ovatf  or  brr>a<lly  elUi>tical.  opixasite  and  sessile,  while 
on  older  branches  they  are  scythe-shaped,  glandular-punctate, 
|X!tiolate  anri  alternate  (Kig.  258).  In  the  latter  case  tlie  petioles 
are  twisted  and  thf  leaves  stanil  edgewise  so  that  both  surfaces  are 
equally  exposed  to  the  light  and  hence  of  similar  structure.  The 
(lowers  are  solitary,  or  in  cymes  or  umbels,  occurring  in  the  axils 
of  the  leaves.  Petals  arc  wanting  and  the  whitish  stamens,  which 
are  numerous  and  inflexed  in  the  hud.  are  covered  by  an  oper- 
culum or  lid  which  is  considered  to  be  formed  by  the  union  of 
the  sepals,  and  which  dehi.sccs  on  the  maturing  of  the  stamens, 
this  being  one  of  the  most  characteristic  features  of  the  genus. 
Tlie  fruit  is  a  3-  to  6-locuIar  truncated  capsule  or  pyxis. 

This  is  a  very  imiwrtant  gcn\is  from  an  economic  point  of 
view,  among  the  products  being  tlie  volatile  oil  ( oil  of  eucalyptus), 
and  eucalyptol.  both  of  which  are  official,  and  the  tannin  or  so- 
called  "  giun."  kttown  as  EucaUplu?  kino  (p.  655). 

Jambosa  Caryophyllus  {Eu^^cma  Curyophyllata). — This  is  a 
small  tree  indigenous  to  the  Molucca  Islands  and  now  extensively 
cultivated  in  the  Tropics.  The  leaves  are  opposite,  ovate-lance- 
olate, acuminate,  petiolate.  entire  and  evergreen.  The  flowers  are 
rose-colored  and  in  cymes:  the  fruit  is  berry-like  and  constitutes 
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the  AnlhopIi_\lH  or  Miituek-cijjvk.  The  uncx|)anile(l  flower-buds 
constitute  the  <Irn|,f  or  spice  known  as  Cloves.  (Sec  Caryophyllus. ) 

/'iMu'H/rt  ii/fii-iiuUis  is  a  tree  with  opposite,  lanceolate,  acute, 
petiolatc.  i»clliui<l-jmnctate  and  evergreen  leaves.  The  flowers  are 
$inall.  white  anil  in  axillary  racemes.  The  fruit  is  drupaceous, 
j-locular  anil  j-sccded,  and  constitutes  the  allspice  which  is  used 
for  Ha\oriiig' and  in  nK'tlieine.     (See  i'inu'nta.j 

Not  only  are  ethereal  oils  obtained  from  the  genera  Kuca- 
lyplus.  lanibosa  and  i'inienta  already  describe<l.  hut  als«>  from 
other  inenil>er»  of  the  Mvrtacea?.  On.  or  B.\y  or  oil  of  Myrcia 
is  distilled  fron)  the  leaves  of  PimcnUi  acris  of  the  West  indies. 
The  oil  consists  larfiely  of  eujjenol.  mcthyl-eujjenol,  chavicol, 
methyl-chavicol.  cilral.  pliellariflrene  and  myrcenc.  and  is  used  in 
the  preparation  of  Bay  rum. 

Chekcn  leaves  are  obtained  frDUi  EH^cttio  ChcK'cn.  They  are 
about  ^5  Tnui.  long,  ovate  or  reclang^nlar,  with  entire,  somewhat 
revolute  martjin,  light  green,  pellucid  punctate,  aromatic,  astrin- 
gent and  bitter.  Cheken  leaves  yield  about  I  per  cent,  of  a  volatile 
oil  eonlaining  eineol  and  jiinene ;  4  per  cent,  uf  tannin;  a  volatile 
alkaloid  and  a  glucoside. 

( >il  of  Cajeput  is  c>btait)e<]  frtmi  the  leaves  and  twigs  of  Mela- 
leuca LcHcaiii'tuiron.  j»articnlarly  the  varieties  Cajeputi  and  minor 
of  the  Kast  Inrlies.  The  principal  constituents  of  this  oil  are 
cincol.  terpineol.  plnene.  and  a  mimher  of  aldehydes  and  acid 
esters.  An  nil  resembling  Cajeput  oil  is  obtained  from  the  leaves 
and  flowers  of  Myrccu^enia  camphorota  of  Oulc. 

The  Icavi-s  of  \Jyrtus  communis,  a  plant  extensively  cultivated 
in  the  Mediterranean  countries  of  Europe,  yield  a  distillate  with 
water  known  as  E.\u  d'ange  and  used  as  a  toilet  article. 

The  leaves  of  the  follcjwing  plants  are  used  as  substitutes  for 
tea  leaves:  Myrhts  Molimv  of  Oiile,  Melaleuca  gciiista'foiia  of 
.\ustralia.  and  Lcptospcrmum  scoparium  and  other  species  of 
this  genus  growing  in  New  Zealand.  The  seeds  of  F.n^cma  dis- 
ticfia  are  known  in  the  Antilles  as  Wild  coffee.  Quite  a  number 
of  the  genera  of  this  family  yield  edible  fruits.  Guava  or  Guay- 
ava  fruit  is  obtained  from  Psidium  Guayava  of  tropical  .\merica. 
Rose  atplk  is  the  fruit  of  Jambosa  uialacccnsis.  growing  in  the 
East  Indies  and  Oceanica.    Jambcsk  BERRtKS  are  derived  from 
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the  Meadow  beauty  ( Rhexia ) .  Quite  a  number  of  the  plants  are 
cultivated  and  a  large  numlwr  yield  edible  fruits.  The  fruits, 
barks  and  leaves  frcqnentK  Loniaiii  colohixg  principles.  A  yel- 
low coloring  principle  is  found  in  the  leaves  of  a  number  of  species 
of  Memecylon  of  the  East  Indies  and  Africa,  which  resembles 
that  uf  saffron  and  curcuma.  Red  coloring  principk's  are  found 
in  tile  Inrries  of  a  number  uf  species  of  lilakea  of  South  America. 
A  black  coloring  principle  is  obtained  from  the  fruit  of  .several 
species  of  Tauionca  oi  tropical  America,  McUistoma  nialabathri- 
cum  of  the  ICast  Indies  and  Tococa  gttiani-ttsis  of  Northern  Soutli 
America  and  Tibouckina  Xfaxiiniiiana  of  Braxil.  Tannin  is  found 
in  considtrablc  quantity  in  the  harks  of  Tibouchina.  Dissotis  and 
Rhynchaniliera. 

The  leaves  of  Tamonca  thc<coaus  are  used  in  Peru  as  a  sub- 
stitute for  tea.  .\  mucilage  is  found  in  the  bark  of  \fcdimUa 
crisfHita  of  the  Molucca  Islands.  The  (lowers  of  the  latter  plant 
as  well  as  of  ^1/.  macrocarpa  arc  used  as  a  remedy  for  the  bite  of 
poisonous  serpents. 

j.  OXAGRACE^  OR  EVENINC;  PRIMROSE  FAMILY. 
bese  are  mostly  annual  or  perennial  herbs  with  usually  entire 
"or  toothe<l.  simple  leaves.  The  flowers  arc  perfect,  regular  or 
irregular,  epigynous.  variously  colored,  solitary  in  the  axils  of  the 
leaves  or  in  somewhat  leafy  spikes.  The  fruit  is  a  dehiscent 
capsule,  berry,  drupe,  or  nut.  Tliis  family  is  represented  in 
temperate  regions  by  such  plants  as  the  Willow  herb  (Epilobium), 
Evening  primrose  (CEnothera),  on  which  de  Vries  has  carried 
on  his  famous  mutation  experiments,  and  Enchanter's  nightshade 
fCirc-ea).  The  cultivated  Ft^"C(T.st,\  also  l>elongs  to  this  family, 
the  plants  representing  several  species  of  Fuchsia  which  are  native 
to  tropical  America.  Plants  of  quite  a  number  of  other  genera 
are  cultivated,  the  flowers  of  some  of  them  being  quite  irregular 
and  orchid-like  in  appearance,  as  Lopezia  of  Central  America. 
Tlie  flowers  of  a  number  of  genera  are  light  in  color  and  some- 
what luminous  in  the  dark  and  hence  are  known  as  "night  can- 
dles." Tlic  seed-hairs  of  some  of  the  Epilobiums  are  used  in  the 
Arctic  regions  in  making  lamp-wicks.  A  yellow  coloring  principle 
is  obtained  from  the  herb  and  unripe  fruits  of  Jiissima  pilosa  of 
Brazil.     Considerable  tannin  is  fotmd  in  the  leaves  of  Jussicua 
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cap*iro.ta  awl  /,  icabr,i  f,i  trofiicafl  America.  an<I  tht  ■.^'•:"!    f  fcv- 

fflt/zi  ^n*-!  '.th*-r  ^f^rifc--  of  :hi=  ^entis  art  efiib'c. 

k.  HVrjkfy;AkVA<.f:.K  OR  TRAF'ACK.E— T>.^s^  are 
kqrtA'lr  fj'^n'i  coTr.pri-.injf  a  single  ;:enus.  '-ne  <  f  v.hic'r.  Trjrj 
tUJMti-.  ''T  Whltrr  cht^tn'Jt  i.^  naturalize'^i  to  4*.':r.ir  cxttn;  :n  the 
\ifAi'\-  'A  Ma-!-rachuw:rt-  ami  N'ew  ^"ork.  The  fni::  :>  ojriaceou*. 
J-  to  4--p:n'>v.  an'I  f-se'i'Ie'l,  The  cotylerlr.ns  are  iintqiia!.  rich  in 
^lHTt\i.  an'!  ar*r  K'\\\Af:.  w^*meiimt«  fjeinjj  ground  and  made  into 
lrt*?:ad  h;.  'h#r  \f:f^Ai:  oi  Kurope  and  Xorthem  Asia. 

XXni.    OkUKR    'MflKIXALEi;   OK    rMEELLIH.OR.E. 

Tht  plants  of  this  order  are  widely  di>triljmed  in  n-jrthem 
t''mi*':rat«:  r»-Kions  although  there  are  K*me  repre>trntaiives  in  the 
Tr^/jjio,     I'h*-  flowers  are  small.  4-  or  5-merous  and  epiyynous. 

a.  AkAIJACK.K  OR  r;jXSi:N'r;  FAMILY.— The  plants 
are  rnostl;.  tn-'-s  or  shriil)>  with  alternate,  [letiolate.  simple  tt  3-  to 
7-roiri(j'>iind  leaves.  The  flowers  arc  either  in  uml)cls  or  panicles. 
Th(r  fmit  is  a  driij^-  or  Ix-rry.  Tlie  Ix-sl  known  repre-^cntativos  of 
this  family  are  the  ICng^Iish  ivy  nicdcra  helix  \  of  Kuroiw.  and 
'jinsi-nj;  i I'nuax  (fuinqucfnlutm  1  (  Kijj.  63)  jjrowinir  in  the  East- 
ern and  ^'fiitral  I 'niterl  .States.  This  plant  is  the  source  of  the 
(^insi-nj;  root  of  roinmerce.  crmsiderable  fiuantities  of  wliich  are 
»-x\f*tT\ri\  to  (  liina  where  it  is  used  like  the  root  of  Panax  Ginscit^i^. 
a  pl;int  ;(rowin(i  wild  in  Mandniria  and  Korea.  Both  plants  are 
also  r  iiltiv;il«  d  in  the  t  'nit<d  Slates,  the  roots  from  the  wild  plants 
U'int;  prcfrfp-d,  The  RKit  contains  a  volatile  oil.  and  considerable 
star*  h.     S<-veral  sjM'rics  of  Aralia  are  used  in  medicine  (p.  450K 

The  Icnvrs  f»f  the  luij^Iish  ivy  contain  the  pliicoside  helixin. 
and  a  rarU.livdrate.  inosit.  They  al.so  contain  formic,  oxalic. 
malir.  lamiir  and  hedcrir  acids.  hesi<U'S  the  yellow  principle 
("irotin.  *Mfc  fruits  of  the  ivy  contain  a  purplisli-rcd  colorini; 
■,ulr  taiK  (■  and  arc  said  to  he  poisonous. 

'Ill*-  (Iiiticsc  KK  K  CAi'KK  is  uiadc  fnmi  the  pJtli  of  Tctrapanax 
/'iif'vrifrr  which  j^rows  wild  in  I'ormosa  and  is  extensively  culti- 
■.;it«d  in  fhina.  The  jiitii  is  cut  spirally  into  thin  strips  which 
;ii'-  'i»K;id  out  (I'll  riufl  then  cnt  into  pieces  varyine:  from   15  to 
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b.  IM BELLI FER^  OR  CARROT  FAMILY.— The  pUms 
arc  herbs,  {refiucnlly  with  hollow  stems;  alternate,  simple  or 
compotmd  leaves,  the  base  of  tlic  petiole  often  forming  an 
inflated  sheath;  anil  small  white,  yellowish,  j^reeni^h  or  somewhat 
purplish  flowers  occurring  in  simple  or  compound  luubeU.  The 
fruil  is  a  cremocarp,  having  characters  which  are  of  important 
laxonomic  value,  as  the  presence  or  absence  of  secondary  ribs, 
number  and  position  of  the  vitl«,  etc. 

Corujudnim  sativitm  is  an  annual  herb  the  fruits  of  whidi 
are  ofBcial  (p.  $(>2).  The  leaves  are  bi-or  tri-pinnate,  the  leaflets 
being  narrow  linear-lanceolate:  and  the  Howcrs  are  white  or 
rose-colored. 

Coniiim  mociiliitum  or  Poison  Hemlock  is  a  tall,  erect,  brandl- 
ing, biennial  plant,  with  purplish  spotted  stems,  pinnatcly  decom- 
pound leaves  and  small,  white  flowers  <  Fig.  170).  The  fruit  ts 
ofl^cial  (.p.  567). 

Carum  Can'i  (Caraway)  is  a  biennial  herb  with  hi-  or  tri- 
pinnate.  deeply  incised  leaves,  and  white  flowers.  The  fruit  is 
official  (  p.  5(15  I  and  the  leaves  arc  also  use<l  in  medicine. 

Pimpinella  Anisum  is  a  small,  hairy,  annual  herb.  The  leaves 
arc  variable,  the  lower  being  somewhat  cunlate  and  serrate,  the 
middle  distinctly  lobed.  and  the  upper  ones  trifid :  the  flowers  are 
white.    The  fruit  is  official  (p.  560)  and  is  also  used  for  flavoring. 

Fctniculunt  vulji^are  is  an  annual  or  perennial,  glabrous  herb 
with  very  finely  dissected  leaves,  the  divisions  being  narrow- 
linear.  The  flowers  are  yellow,  am!  the  involucre  and  involucels 
are  wanting.    The  fruit  is  official  I  p.  5*^)3). 

f-cntla  fatido  is  a  stout,  perennial  herb  with  few,  ternatcly 
compound  leaves  and  small,  polygamous,  light  yellow  flowers. 
The  root  is  rather  large  and  yields  the  gum-resin  asafetida  (p. 
671 ).    A.safetida  is  also  derived  from  other  species  of  Ferula. 

Ferula  Sutnbul  is  a  tall  perennial  herb  with  purplish  latex- 
containing  stems.  The  basal  leaves  arc  temately  compound  and 
with  ampiexicanl  base.  The  leaves  decrease  in  size  from  the  base 
upward,  becoming  bract-like  near  the  inflorescence.  The  flowers 
are  ix>lygamous.  resembling  those  of  F.  fcctida.  The  root  is 
official  (p.  4^2)  and  is  probably  also  obtained  from  other  closely 
related  species  of  Ferula. 
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A  large  number  of  (he  plants  Ijclongfing  to  the  Umbcllitcrae 
contain  essentia!  oils,  resins,  gum-resins  and  related  substances, 
rhe  ffvmi-rcsin  ammoniac  is  an  exu<lation  found  on  the  stem  and 
I)ranchcs  uf  Dorcma  Ammomacum  and  otlier  species  of  Dorenia 
as  a  result  of  the  sting  of  an  insect.  Tlie  plant  is  found  in  Western 
Asia.  The  gum-resin  occurs  in  yellowish-brown,  globular,  or 
somewhat  Hatteued  tears  which  are  brittle,  niilkv-whitc  iutemally, 
with  a  distinct  balsamic  wlor  and  bitter,  acrid,  nauseous  taste.  Il 
contains  a  small  quantity  of  volatile  oil  having  the  odor  of 
Angelica.  Africa.m  ammoniac  is  obtained  from  Icruh  titigitana 
growing  in  Northern  Africa  and  Western  Asia. 

The  gum-resin  gamiani'M  is  obtained  by  incising  the  root  of 
Ferula  ^ulbattifuht  and  tither  species  of  I-'ernla  growing  in  the 
Levant,  (jalbanum  occurs  in  pale  yellowish-brown  agglutinated 
tears,  forming  a  more  or  less  hard  mass,  which  is  brittle  when 
cold  but  soft  an<I  sticWi,-  at  37"  C. ;  tlie  odor  is  distinct,  balsamic; 
the  taste  bitter  and  acrid.  It  contains  from  to  to  30  per  cent,  of  a 
volatile  oil  composed  of  d-pinene.  cadincnc.  and  other  principles. 

A  volatile  oil.  known  as  Ajtiwan  oil.  and  containing  thj-mol, 
is  obtained  from  the  fruit  of  Carum  Ajozvati  of  Kurope,  Asia  and 
Africa.  A  volatile  oil  containing  apmh.  is  found  in  the  fruit  and 
leaves  uf  the  garden  parsley  {Pi'trosclinutn  salk'init).  Diu.  oil 
is  obtained  from  the  garden  Dill  {Ancthum  ^niTro/eiw).  The 
fruit  of  Sweet  cicely  {IVashhti^toiif'a  lont^istylis)  yielils  a  volatile 
oil  known  as  sweet  anise  oil.  which  contains  anethol.  The  oil 
of  water  fennel  (CEnattthe  PheHaueiri)  contains  aliout  80  per  cent. 
of  plicllandrene.  Cl'Min  oil  is  obtained  from  Cumlnum  Cymmum 
of  Turkestan  and  Egypt,  and  contains  cymene. 

The  roots  of  a  number  of  the  plants  of  this  family  contain 
volatile  oils,  as  Lovage  {Ln'ist'tcum  officinale)  of  Southern 
Europe;  European  angelica  or  garden  angelica  (Angelica  Arcfi- 
atigetica)  ;  American  angelica  or  the  purple-stemmed  angelica 
{A.  atropurpHrea)  found  in  the  Xorthem  and  Eastern  Ignited 
States  and   Canada;  Wild  angelica    (A,   syhestris)   of  Europe. 

The  fallowing  garden  vegetables  are  yielded  by  this  family: 
Carrot,  from  cultivated  species  of  Daucus  Carota:  ]}arsnip  (Pasti- 
naca  satiia)  ;  celery  (Apittm  gravcolcHs) .  The  leaves  of  some 
species  are  used  as  pot-herbs,  as  parsley  {PetroscUnmn  satix'Ufn). 
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c,  CUKNACEiC  OK  IXXJWOOU  FAMILY.— The  plants 
are  shrubs  or  trees  with  simple,  oiiposite  leaves,  and  Howcrs  in 
cymes  or  hea<Is.  which  in  the  case  nf  the  Mnwcrinp  dfjg^wrtod 
(Cornus  Horlda)  are  subtended  by  four  large.  pctaMike,  white,  "r 
pinkish  bracts. 

The  bark  of  Cornus  fior'nia.  a  shrub  or  smalt  tree  fjrowing  in 
the  L'nited  Slates,  contains  a  bitter  principle,  coniin ;  and  a  small 
quantity  of  gallic  and  tannic  acids. 

METACHLAMYDE^  OR  SVMPETAL^. 

This  is  the  highest  group  of  plants  and  is  marke<l  by  the  fol- 
lowing characters ;  The  corolla  is  sympetalous ;  the  riowers  are 
mostly  perigjnous  or  epigynous  and  Iwth  the  corolla  and  stamens 
are  lx>rne  on  the  perianth  tul>e.  Tlie  number  f>f  parts  is  definite, 
there  being  5  sepals,  5  petals,  5  or  10  stamens  and  2  or  5  carpels. 
This  sub-class  includes  but  six  onlers.  to  which,  however,  belong 
a  large  number  of  medicinal  and  economic  plants. 


L    imOKK    EJtlCALES. 

The  plants  of  this  order  arc  distinguisheil  by  the  fact  that  the 
stamens  arc  mostly  free  from  tlie  perianth  luljc. 

a,  rYROL.\CE-K. — The  plants  are  small,  mostly  evergreen 
Ijerennials.  and  are  rei)resented  in  the  L'liitetl  Stales  by  several 
genera. 

Ckimuphila  iimbflliila  {  Prince's  pine  or  r'i])sissewa)  is  a  small 
trailing  or  creeping  plant  producing  distinct  flower-  and  leaf- 
branches.  The  leaves  are  oflficial  (p.  603).  The  flowers  are  in 
small  corymbs  and  the  petals  are  white  or  pinkish.  In  Chima- 
phihi  macuhia  the  leaves  are  lanceolate,  mottled  with  white  along 
the  veins  and  the  flowers  arc  considerablv  larger. 

With  the  Pyrolacex  are  sometimes  grouped  the  saprophytic 
plants  of  the  gemis  Monotropa.  There  are  t^vo  representatives  of 
this  genus  which  are  common  in  the  United  Slates,  namely,  Indian 
pipe  (MonotrofHJ  uniHora)  and  false  T>eech-drops  ( .\f,  Hyffofntys) 
(Fig.  17O.  The  latter  contains  a  glucoside  or  an  ester  of  methyl 
salicj'late,  and  a  ferment  gaulllicrasc. 


S$(}  ilOTAXY  AND  I*HARMACtK;\OSY. 

b.  ERICACE-^  OR  HEATH  KAMILY.— This  is  a  Urge 
fainily  and  Uic  plants  are  widely  distributed.  es|)ecially  in  the 
iiorthfrn  immiUainous  parts  of  lH)tli  thf  Eastern  aiul  Western  Con- 
tinent. The)  vary  frum  jKrreniiial  herbs  to  trees.  Tlie  floivcrs 
are  usually  rejridar,  the  stamens  beint;  mostly  ^-spurred  ( Fig. 
8i.  S\.  ami  the  frnii  is  cither  a  superior  or  inferior  drupe  or 
berry  (l-'ig.  154.  H ). 


m  m     ^ 


Fl'i.  1:1  A  tTii'iiP  f»f  «i'r;i[jhylit;  [«>;hcT  plants  <humu!i-pbnts).  Tlic  tallrr  unes  at 
ihc  Irft  arc  InJion  vi\f:  t..\li'milTi'fxi  MHtfiofa),  Mid  thoM  to  Ilir  rijlhl  air  itic  IaIm  b«cch- 
dro)>«  {Mowiropa  Hypcpiiyii. 

.iri'tostafthylos  Ufa-Ursi  is  a  low  branching  slinib  which  trails 
or  spreads  on  the  ground.  The  leaves  are  used  in  medicine 
(p.  601  \.  The  flowers  are  small,  white  or  pink,  few  and  in  short 
racemes.    The  fruit  is  a  red,  globular  <lrupe. 

Trailing  arbutus  (/:/"(, crt-o  re  fens)  is  a  trailhig.  shrubby,  hairy 
plant  with  broadly  elliptical  or  ovale,  coriaceous,  evergreen  leaves 
and  white  or  rose-colored,  fragrant  flowers  which  are  either 
Ijcrfect.  with  styles  and  filaments  of  varying  length,  or  dioecious. 
Tlie  leaves  contain  similar  constituents  to  those  in  Uva  Ursi  and 
Chimaphila. 
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The  leaves  of  wintergreen  {Gaulthcria  frocumbcns)  are  the 
source  of  true  oil  of  winlergreen.  which  consists  almost  entirely 
of  methyl  salicylate.  It  contains  a  small  i|nanlity  of  an  aleohol 
ami  an  ester  giving;  the  characteristic  (xlor.  The  same  principles 
probably  also  occur  in  several  other  species  of  tjatiltheria. 

The  ptiisonous  principle  andromeiloloxin  is  found  in  a  minilKT ' 
of  species  of  Rlvxlo<lcn(Iron.  Lcucoihcc,  agd  Picris.  This  prin- 
ciple is  a  powerful  emetic  and  one  of  the  most  toxic  principles 
known.  It  probably  occurs  in  the  nectar  of  the  flowers  <ji  Kalmia 
and  Rhododendron,  being  the  cause  of  the  poisonous  properties 
of  the  honey  from  this  source.  The  leaves  of  several  species  of 
laurel  (  Kalmia )  contain  considerable  quantities  of  this  principle, 
and  are  poisonous  to  cattle. 

The  plants  of  the  ^enus  Gaylusaccia  are  small  shrubs  distin- 
^lishwl  by  havinfir  an  inferior,  berry-like  drupe  willi  ten  loculi. 
To  this  genus  In-long  the  Imckleberries.  as  black  hucklelnrrry 
{G.  resinasa)  :  blue  huckleberry  ( C.  frondtfsa ) :  and  dwarf  huckle- 
1)erry  ((/.  dumosa).  The  latter  plant  grows  in  sandy  swamps 
in  both  the  I'nited  States  and  Canada  and  the  fniit  ri|jens  in 
May  and  June.  The  fruits  of  the  other  two  species  ripen  in 
July  and  August, 

The  plants  l)elonging  to  the  genus  N'acciniiun  vary  from  very 
small  shrubs  to  Ircc-like  shrubs  and  tlie  fruit  is  an  inferior. 
5-locular  berry  with  numerous  seeds.  The  blueberries  or  bilber- 
ries (whortleberries)  are  the  fruits  of  several  species  of  N'acci- 
nium.  The  low  bush  blueberry  (T.  pcnnsylvanicum)  yields  ihe 
iHTries  which  ripen  in  June  and  July,  while  the  high  bush  blue- 
berr\*  {V\  corymhosum)  furnishes  the  fruits  which  are  found  in 
the  market  in  Jidy  and  August. 

The  bilberry  of  Europe.  /  'accinium  Myrtitlus.  a  plant  growing 
in  Northern  Europe  and  Asia  and  the  Western  L'niied  States  and 
Canada,  is  .said  to  destroy  BacUhis  typhosus  and  B.  Coli.  an 
infusion  of  the  dried  berries  being  used  ftjr  this  purpose.  The 
leaves  of  this  plant  contain  ericolin  and  kinic  acid. 

Cranberry  ts  the  fruit  of  several  species  of  \'"accinimn  which 
arc  sometimes  grouped  in  a  separate  genus.  Oxycoccus.  Tlicre 
are  two  principal  species:  The  large  or  .American  Cranberry  (/'. 
macrocnrpum)  in  which  the  Iwrries  are  ovoid  or  oblong  aufl  the 
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small  or  Eurt)i>t:an  Cranberry  ( / '.  Oxycoccus)  in  which  the  ber- 
ries arc  gflobose.  The  berries  contain  from  14  to  2.8  per  cent. 
of  citric  acid ;  and  a  hitter  glucosiile,  oxycuccin. 


II,   OKDBK    £B£NA1.F^. 

This  order  includes  three  families  which  are  chiefly  indig- 
enous to  the  Tropics.  Tlie  leaves  are  altcniale.  and  the  flowers 
vary  in  the  different  families,  the  fruit  bcinj;  a  hcrry  or  dnipc. 

a.  SAI'UTACF„K  OR  SAPODILLA  lAMILV.— The  plants 
usually  have  a  milky  latex,  and  many  of  them  yield  tiUTTA- 
i'KHCHA.  uf  which  the  following  may  he  nienliuned :  Paiotiuittm 
Gutta,  l\  oNoii^ifolimii,  P.  bonwcusc  ami  l\  Trcubii,  all  growing 
in  the  Hast  Indies.  The  latex  is  obtained  by  incising  the  trees 
and  collecting  the  exuding  juice  in  suitable  vessels.  It  soon  coag- 
idatcs  am!  forms  y^rayish  or  re<Ulish-yeilow  har<l  niasses.  which 
are  plastic  at  65"  to  70°  C  Owing  to  the  fact  that  the  material 
is  piafitic  when  heated  and  firm  an<i  tenacious  when  cold,  it  is 
nsed  U*r  a  variety  of  purposes,  as  in  the  manufacture  of  surjj;^ical 
insirunicnts  and  as  a  material  for  filling  teeth.  Gutta-jxjrcha  as 
it  exudes  from  the  tree  is  supposed  to  consist  oi  a  terpene-Iike 
hydmoarlx^n.  which  on  coagulation  is  oxitlizetl,  forming  a  number 
of  resinous  compounds.  The  plants  of  other  genera  of  this  family 
also  yield  gutta-percha,  as  Miniusops  HahUa.  M.  /f/ciit;)  and  about 
fiflecn  species  of  Payi-iia  growing  in  the  Hast  Indies. 

A  glim  resembling  gutta-percha  is  obtained  from  the  Sabodilla 
tree  {.'Ichras  Saf>ola).  This  gum  is  known  in  commerce  as  Gum 
CHKUf  and  is  obtained  from  Yucatan.  It  is  whitish,  brittle 
and  yet  somewhat  elastic,  aromatic,  and  contains  about  75 
per  cent,  of  resin.  It  is  used  in  large  quantities  in  the  making  of 
chewing  gitm. 

The  seeds  of  IlUpc  bittyracca  yield  a  fixed  oil  which  is  known 
as  VKCKTAiiLE  RtTTKK,  A  fixed  oil  is  also  obtained  from  other 
species  01  Illipc  as  well  as  various  species  of  Dassia.  Argania  and 
Rutyrospcrmum,  that  from  the  latter  bemg  known  as  "  shea  but- 
ter." .\  saponin-Iike  substance  is  obtained  from  Omphdocarpunt 
proeernm  and  other  plants  of  this  family.  .\  principle  yielding 
hydrocyanic  acid  is  found  in  the  seeds  of  Vitelhria  salicifolia  and 
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FayeiM  htifolia.  The  bark  of  a  number  of  species  of  Lacuina 
and  other  genera  conUiins  tannin. 

The  family  is  notable  on  account  of  the  loan!  woods,  known  as 
Ironwooos,  which  it  furnishes,  these  being  yieldeil  by  Mimusuf>s 
Kauki  of  Karther  India  and  tropical  Australia  and  Art^aitia  Sidc- 
roxyton  of  Smlhwestern  Morocco. 

A  number  of  species  also  yiekl  liighiy  prized  edible  fniils,  as 
the  S.M'oTiLLA  yielded  by  Achms  Saf*ohJ  indigenous  to  the  Antil- 
les and  cultivated  in  tropical  countries,  and  Stak  Ai'ii.t  yielded 
by  Chr\'sof>h\'UHtn  Coinito  of  tropical  America. 

b.  EBEXACE.^  OR  KIUJXY  FAMILY.— The  plants  differ 
from  those  of  the  preceding  family  in  not  containing  a  latex. 
The  flowers  arc  moncccious  or  dicccious  and  they  usually  have 
from  two  to  eight  styles.  The  chief  interest  is  in  the  genus 
Diosftyros.  which  yields  the  wo^id  known  as  Eitosv.  Illack  elwny 
is  (.Plained  from  various  species  of  Diospyrus  growing  in  tropical 
Africa,  and  Asia,  and  tlie  Philippine  Islands.  \\'hite  ebony  is 
obtained  from  several  species  of  Diospyros  growing  in  the  rhili|>- 
pincs.  A  red  ebony  is  tjblained  from  D.  rubra  of  MauriUiis,  a 
green  elwny  from  D.  chloroxyfon  of  Farther  hnlia.  and  a  striiH.*d 
ebony  from  several  .s|)ecies  growing  in  the  Philippines. 

i'KKSiM.MON  fruit  is  t>])taine<l  from  Diospyros  iirginiona,  a 
tree  growing  from  Rhode  Island  wmth  to  Texas.  The  astrin- 
gcncy  of  the  unripe  fruit  is  due  to  the  lannin  which  it  contains. 
When  it  is  ripe,  which  is  not  until  after  ihc  apj>oarance  of  frost, 
it  is  palatable  and  contains  considerable  malic  acid  and  sugars. 
The  Japanese  persimmon  is  a  cultivated  variety  of  D.  Kabi  and 
pro<luces  a  large  4>range-coIore<l  fruit  which  is  not  uncommon  hi 
the  fruit  markets  in  many  parts  of  the  world.  At  the  present 
time  the  plant  is  cultivated  in  California. 

The  bark  of  our  native  persimmon  is  used  hi  medicine.  Il 
contain.s  considerable  tannin  which  resembles  gallotannic  aci<l. 
and  a  crystalline  resinous  principle  with  a  peculiar  odor  an<l 
slightly  astringent  taste. 

c.  STYRACEiK  OR  STORAX  FAMILY.— Tlie  flowers  of 
this  family  somewhat  resemble  tbose  of  the  Ebenace<T.  but  the 
filaments  of  the  stamens  are  united  in  a  single  series,  and  there 
is  a  single  slender  style. 
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Styras  IScnzoin  is  a  nicdium-sizcd  tree  with  long,  ovate, 
acuminate  leaves  which  arc  very  hairy  on  the  under  surface.  The 
flowers  4K-ciir  in  tcnuiiial  racemes,  ami  are  silvery  white  an  the 
outer  surface  and  reddish-brown  on  tlie  inner  surface.  The  bal- 
samic resin  yielded  )>y  this  plant  is  official  as  l)enzoin  (p.  672). 


III.    ORDER  GENTIANALES  OR  CONTDHT.E. 

The  plants  (jf  this  order  have  opposite  leaves,  the  flowers  are 
reg^ilar  and  the  fjymccium  consists  of  two  separate  carpels.  Tlie 
order  includes  five  families  all  of  which  furnish  medicinal  plants. 

a.  OLEACF..^-  DR  OLIVK  FAMILY.— This  family  is 
chiefly  of  interest  Iwcausc  of  the  olive  and  manna  trees. 

Tlie  olive  tree  {Olea  europcea)  is  indigenous  to  the  Orient  and 
is  now  cultivated  extensively  in  Southern  Europe,  Northern 
Africa,  the  islands  of  the  Mediterranean,  tropical  America, 
including  the  Southern  L'nited  States,  and  in  California.  The 
leaves  are  narrow-lanceolate,  entire,  coriaceous  and  evergreen. 
The  llowers  are  small,  white,  diandrous  and  in  a.xillary  racemes. 
The  fruit  is  a  drujje.  tlie  sarcocarp  of  which  is  rich  in  a  fixed 
oil  known  as  olive  oil.  The  oil  is  obtained  by  expression,  and 
is  official.  r)e])endin^  u|>t)n  the  cliaracter  of  the  fruits  and 
the  amount  of  oil  which  they  yield,  over  forty  varieties  are  recog- 
nized. The  trees  attain  a  great  age,  some  of  them  being  known 
to  be  over  a  thousand  years  old. 

Fraxinns  Ornus  is  a  tree  resembling  the  ash,  with  7- foliate 
leaves,  and  polygamous  flowers  occurring  in  eompoimd  racemes. 
The  fniit  is  a  flat  samara  with  the  wing  at  the  apex.  The  sac- 
charine exudation  from  this  plant  is  official  as  manna  (p.  649). 

Tlie  white  ash  { I'ra.rhius  amcricintii)  is  a  valuable  tree  on 
account  of  the  timber  which  it  yields.  The  bark  contains  a  bitter 
gkicoside.  fraxin.  the  solutions  of  which  arc  fluorescent;  a  bitter 

substance,  fraxetin  ;  an  ethereal  oil  of  a  butter-like  consistencv.  and 

* 

tannin.    Some  of  these  principles  arc  also  found  in  other  sjiecies 
of  Fraxinus  growing  in  the  United  States  and  Europe. 

Tlie  bark  of  the  fringe  tree  (Chionanthus  virt;inica)  of  the 
Southern  United  States,  contains  an  intensely  bitter  glucosidal 
principle,  chionanthin,  and  possibly  also  saponin. 
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b.  LOGAMACE^  OR  LOGANIA  FAMILY.— Tht  plants 
arc  variable  in  character,  being  herbs.  shriil>s,  trees  or  vines. 

Yellow  jessaniiiK'  {Ccisciiiiuni  st'inpcrfirctts)  is  a  iwitiing 
woody  vine,  soinetinies  trailing  on  the  ground  for  a  considerable 
distance  U'ifT-  2071.  The  leaves  are  ob long-Ian ceol ale  and  ever- 
l^een.  The  flowers  are  bright  yellow  and  dimoq>hic.  The 
fruit  is  a  septicidalU  dehiscent  capsule.  The  rhiznnic  and  roots 
arc  official  (p.  480). 

Carolina  pink  (Sf>ii^clia  marilouJicit )  is  a  perennial  herl>  with 
ovate-lanceolate,  more  or  less  acute  and  nearly  sessile  leaves.  The 
flowers  are  yellow  on  the  inner  and  scarlet  on  the  outer  surface, 
and  occur  in  a  i -sided  spike  or  scoq>ioid  cyme.  Tlie  fruit  is  a 
circitniscissile.  2-vaIved  capsule  (Fig.  172).  The  rhizome  and 
roots  arc  official  (p.  503). 

Strychitos  Xuj'-7'oniica  is  a  small  tree  with  broadly  elliptical, 
3-  to  5-nerved.  reticulalely-veined.  somewhat  acuminate,  cori- 
aceous leaves.  The  flowers  are  whitish  and  in  terminal  cynics. 
The  fruit  is  a  berry  of  varying  size  and  contains  several  seeds, 
the  seeds  being  official  (p.  43G). 

CuR-AKE  which  is  used  by  the  Indians  of  South  America  as 
an  arrow'poison  is  supposed  to  he  made  from  the  bark  of  Strych- 
nos  toxiffra  growing  in  Guiana,  and  probably  otiier  siwcies  of 
this  genus.  The  active  principle  of  this  poison  is  the  alkaloid 
curariiie.  which  when  administered  hypodcnnically  has  a  powerful 
action  resembling  that  of  digitalis. 

c.  GENTIANACE/E  OR  GENTIAN  FAMILY.— The 
plants  are  mostly  herbs  with  regular,  perfect,  showy  flowers  occur- 
ring usually  in  siikiH  cymes  or  racemes. 

Vellmv  gentian  {Ccntiaita  tutea)  is  a  large,  perennial  herb 
(Fig.  20ij)  with  large,  5-  to  7-nervfd.  broadly  elliptical  leaves. 
The  dowers  are  yelliiw  and  occur  in  axillan.-  cymes.  The  fruit  is  a 
2-valved, ovoid  capsule.  The  rhizome  and  roots  arc  official  (p.483). 

Stircrlia  Chirata. — Tlie  entire  plant  is  official  (p.  637). 

A  number  of  other  plants  of  the  Gcntianaceae  contain  bitter 
principles,  including  one  or  more  species  of  Centaury  (Ervthrsea) 
and  Sabbatia.  growing  in  the  I'nitcd  States  and  Europe.  Sah- 
hafia  Eliwtiii  occurring  in  the  pine  barrens  of  the  Southern  States 
is  Icnown  as  the  "  quinine  herb." 
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d.  APOCVNACF..EOR  DOGRANE  FAMILY— The  plains 
vary  froin  perennial  herbs  Tu  slirubs  and  irees.  contain  an  acrid 
latex,  and  Iiavc  Huwcrs  will)  ihc  sligmas  and  styles  united  and  the 
slaiTiens  (Hstinct.    Tlii:v  arc  musllx   tmmd  in  the  Tropics. 

Apocyumn  catmabimun  is  a  perennial  herb  with  erect  or 
ascendhij:;  branches.  The  leaves  are  oblong-lanceolate,  opposite. 
nearly  ses.-iile  or  with  short  petioles  (  Fig.  201,  C,  D).  The  flowers 
are  greenish-white,  the  lobes  of  the  corolla  beinj^r  nearly  erect  and 
the  tube  about  as  long  as  Ihc  calyx.  The  fruit  is  a  slender,  terete 
follicle  containing  numerous  seeds  tipped  at  the  micropylar  end 
with  a  tuft  of  hairs.    The  root  is  official  (p.  467). 

The  root  of  a  closely  related  species,  namely.  si)readiiiK:  dog- 
bane {Apoi'VHum  atiiirosaitiifoiiinn  )  is  sometimes  siibstituteil  for 
the  official  drug.  The  plant  is  distinguished  by  being  more 
spreading  in  its  habit.  The  leaves  are  ovate  (Fig.  201.  .!.  H), 
tlie  {lowers  are  pinkish,  the  lobes  being  revolute  and  the  tube 
several  times  as  long  as  the  calyx. 

Sirophauthus  Kombc. — The  plant  is  a  woody  climber  with 
clliptical-acuniinate,  hair}*  leaves.  The  tlowers  are  few,  characttT- 
ized  by  long  stjies,  and  occur  in  axillary  racemes.  The  fruh  con- 
sists of  two  long  folHclfs  containing  numerous  awncd  seeds  (  I'ig. 
185).  which  are  official  i  p.  430).  In  the  closely  related  plant  S. 
hixpidus  the  flowers  are  numerovis  and  occur  in  terminal  c>'mes. 

QL'EBK\tno  or  Astihospkrma  is  the  bark  of  Asphiospcnmi 
Qucbracho-blttfico.  a  tree  growing  in  .\rgentine.  It  occurs  in 
nearly  flat  pieces  which  are  t  to  3  cm.  thick :  the  outer  surface 
is  yellowish-gray  and  ileeply  fissured,  the  inner  bark  being  very 
hard  and  tough.  It  is  aromatic  and  bitter  and  ctmtains  six  alka- 
\<yn\^,  all  of  which  are  present  in  the  commercial  aspidospermine. 
TTiey  are  aspidosiienniiie,  which  is  colored  brown,  tlien  cherry- 
red  or  purjilish  by  sulphuric  acid  and  potassium  dichroniale: 
aspidosamine.  which  is  colorerl  blue  by  sulphuric  acid  and  potas- 
sium dichromate:  aspidosperniatine.  which  i^  colored  deep  red 
by  perchloric  acid  like  the  two  preceding  alkaloids,  but  not  by 
sulphuric  acid  and  potassium  tlichromatc;  quebrachine,  which  is 
colored  yellow  by  perchloric  acid :  and  quebrachinamine,  which 
resembles  quebrachine  but  has  a  much  lower  melting  (wint.  The 
bark  is  used  for  tanning  leather  and  yields  a  commercial  extract. 


CLASSinCATlON  OF  AXGIOSI'ERMS.  365 

c.  ASCLEPIADACE.^  OR  MILKWEED  EAMILV.— The 
plants  somewhat  resemble  ihose  of  the  Apocynace».  The  flower, 
however,  is  iIislinj;uisho<l  hv  having  Jistinel  slyles.  a  5-loUo(l 
corona  eonneclinfc  ihe  curollu  and  stamens,  whidi  latter  are  mostly 
inoiia(k'lphons,  and  pollen  grains  tiiat  are  coherent,  forming  char- 
acteri^lie  pairs  of  pollinia.  It  may  be  noted  that  while  this 
family  cuittains  a  large  number  of  plants  that  arc  used  in  medicine 
none  of  them  are  utfieial.  PLJCtjKisv  uuoT,  which  was  formerly 
(tfficial.  is  obtained  from  Asclcf>ias  fufwrosa.  a  plant  growing  in 
the  Eastern  I'nitod  States  and  one  of  the  two  members  of  this 
genus  that  have  oraiige-colorcd  flowers.  The  root  is  more  or  less 
fusiform,  wrinkled,  about  I  nr  2  cni.  tliick,  and  1^  nsiially  cnt  into 
longitudinal  iiieccs.  In  the  ilried  condition  it  is  light  brown  exter- 
nally, more  or  less  irregular,  with  a  tough  fracture  and  a  bitter, 
slightly  acrid  taste.  Tlic  active  |>rinciplc  is  the  glucositle  asclepia- 
din:  A  similar  principle  is  I'muul  in  the  root  of  other  species  of 
Asdepias. 

CoMUK  \n<;m  is  the  bark  of  Marsiicum  Cundnraitgo,  a  liane  of 
Ecuador  and  Culumbia.  It  occurs  in  <jui!Ied  pieces,  the  bark  being 
from  2  to  6  mm,  thick.  Externally  it  is  brownish-gray  and  witli 
a  niore  ^r  less  scal\  cork.  The  taste  is  bitter,  acrid  and  aromatic. 
The  <lnig  contains  two  or  three  glucosi<lcs  and  a  resinous  sub- 
stance. 

IV'.    ORIlKR  POI.EMONI.\I.E.S  OR  TfniFI^ORrt!, 

Tliis  is  a  large  order  of  plants,  which  are  mostly  herliaccous. 
Tile  leaves  are  either  op]Xjsite  ur  alternate ;  the  flowers  are  reg- 
ular or  irregular,  the  stamens  being  usuallv  adnate  to  the  corolla. 

a.  CO.W<)LVLT.ACE/E  OK  MORXtXG-GLORY  TAM- 
ILY. — The  plants  are  mostly  herbs  ur  shrubs,  frequently  twining 
(to  the  leftl-  Tliey  are  found  mostly  in  the  Tropics,  but  quite  a 
number  of  geiu-ra  occur  in  tenqwrate  regions  (Fig.  174). 

f:.roi:ouiiim  Purga  is  a  pcremiial  twining  herb  with  distinctly 
veined,  cordate  leaves;  purple  flowers  with  the  stamens  exserted. 
and  occurring  in  cyme;*  The  fruit  is  a  2-I(Kular  capsule.  The 
plant*;  prmluce  slender  rhizomes  with  tntier-Iike  roots,  these  being 
used  in  medicine  (p.  451). 
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Courotvittiis  Scawmonia  is  a  perennial  twining  herb,  with  a 
large  tap  root,  Cf>ntaining  a  resinous  latex,  and  is  the  source  o( 
the  official  scamniony  (p.  656).  The  leaves  are  sagfittate;  the 
flowers  are  lar^c,  yellowish-white  ami  funnel-form,  as  in  the 
mominjj-glor)-,  and  occur  in  the  axils  of  the  leaves,  either  solitan* 
or  in  clusters.    The  fruit  is  a  4-seeflcd,  4-Iocular,  dehiscent  capsule. 


^-.l: 
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I'lCi  17J.  <irpi)i  hmfl  wed  i(\ymnfli-Hius  lepiHuit  fihdwiriR  iriiilin^  or  tuining  tiobit, 
thv  luwtBtv  leaves  and  funn«1-shapci[  corolla  The  pUnL  is  very  mist«nl  to  noxious  fames 
and  m  unully  found  in  sm«licr  reRtoos. 

A  number  of  the  plants  of  the  Convolvulaccne  are  cultivated, 
probably  the  most  important  of  which  is  the  swket  potato  vine 
t  A/»OHia'o  Hatatas).  a  plant  extensively  cultivated  in  tropical  and 
sub-tropical  countries  on  account  of  the  edible  tuberous  roots. 
The  roots  contain  from  3  to  10  per  cent,  of  sugar  and  9  to  15  per 
cent,  of  starch,  which  occurs  in  larger  proportion  in  plants  grown 
in  sub-tropical  countries.  The  starch  is  a  commercial  product 
and  is  known  as  sweet-potato  starch  or  Brazilian  arrow-root. 
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The  grains  arc  more  or  less  bcll-shapc<!  and  2-  or  3-coiniK)uiKl, 
about  the  size  of  wheat-starch  grains,  and  in  other  ways  resemble 
those  of  tapioca. 

To  this  family  also  belongs  rather  an  interesting  K^oup  of 
para&itic  plants,  namely,  decider  (Cuscnta).  They  contain  the 
principle  ciisciitin.  and  qnile  a  number  have  lieen  nscd  in  medicine. 

b.  HVUkt»!'HyLLACl':.E  Ok  VVATEKLEAK  I-AMII.Y. 
Tile  plants  are  herbs  or  shrubs  which  arc  in<iigenous  to  Western 
North  America.  \'ery  few  nf  the  plains  of  this  family  are  of 
nse  medicinally,  althong^h  quite  a  number  arc  ornamental  plants. 

Eriodictyon  calif ornkum  (E.  glututosum)  or  Verba  Santa 
is  a  shrub  gn.iwing  in  Northern  Mexico  and  California.  The 
leaves  are  official  (p.  Oil).  The  flowers  are  funnel-form,  white 
ur  puri)lc,  tKcurring  in  cymes.  The  fruit  is  a  dehiscent  capsule 
anil  the  seeds  are  small  and  few. 

c.  BORAGINACF.^  OR  BOR.'\GE  FAMILY.— The  plants 
are  mostly  herbs  with  regular  blue  flowers,  occurring  in  sci>r- 
pioid  inflorescence.  The  best  examples  of  the  group  are  the 
forget-me-not  {Myosotis),  the  roots  of  several  species  of  which 
have  been  used  in  medicine:  and  the  garden  heliotrope  {Hcfio- 
tropum  f^crHvianum).  the  fragrance  of  the  flowers  lieing  due  to  a 
volatile  oil.  This  plant,  as  well  as  other  species  of  Heliotropum. 
contains  a  poisonous  volatile  alkaloid. 

.\l  one  lime  considerable  interest  attached  to  .\r.KASET.  the  Toot 
of  Alkantia  tinctoria  of  Southern  Kurope  and  Asia,  on  account 
of  the  red  coloring  principle  alkannin.  which  is  soluble  in  alcf>hol, 
ether,  fixed  and  ethereal  oils,  but  insoluble  iri  water.  Comfrey 
or  SYMI'UVTLM  is  the  root  of  S'ymf^hytum  offtcinalc  and  other 
species  of  this  genus  naturalized  from  Europe  in  waste  places  in 
the  Ijniteil  States.  It  occurs  on  the  market  in  small,  purplish- 
black,  more  or  less  curve<l  ])iei-es.  which  arc  quite  tnucilaginous  and 
astringent  to  the  taste.  The  daig  contains  a  ghico-alkaloid,  con- 
EKiIidin,  and  an  alkaloid,  c\"noglossine.  It  also  contains  a  small 
amount  of  dextrin-starch,  i.e.,  one  which  is  not  colored  blue  with 
iodine,  and  tannin.  The  root  and  herb  of  iiot;.vn's  TONnuE  {Cy»o- 
filossum  officinale)  are  both  used  in  medicine.  The  drug  contains 
the  powerful  alkaloid  cjmoglossine.  which  resembles  curarine  in 
its  action ;  and  the  gluco-alkaloid,  consolidin. 


368 


BOTANY  AND  PH.\RMACOGNOSV. 


cl.  VEI<BEN*ACE.4£OR  VER\AIX  FAMILY.— 'Hic  plants 
are  chiefly  her1>s  or  shrubs  with  iisitally  opposite  or  vcrticillate 
leaves  and  more  or  less  irregular  flowers. 

To  this  family  belongs  the  group  of  verbenas,  some  of  which 
are  used  in  nie<licine,  as  blue  vervain  (/Vrfrrwi  kastata}.  which 
resembles  eupaloriuni  in  its  nicdicirial  properties :  nettle-leaved 
vervain  {I',  urticil'oliu  i  which  contains  a  bitter  ghicosidc.  The 
ilrug  t.iPPiA  MEXKANA  cousists  of  the  leaves  of  Lippio  tfulcis 
titf.viaimi.  and  contains  a  volatile  oil.  the  camphor  lippiol.  tannin 
and  quercetin.  LippUi  citriodora,  found  growing  in  the  central 
part  of  South  America,  contains  a  volatile  oil.  of  which  citral  is 
a  constituent.  Ti':\K-\vr)on.  which  is  one  <if  the  hardest  and  most 
valuable  of  woo<ts.  is  derived  Irum  the  teak  tree  {Tcctona 
^randis),  a  large  tree  indigenous  to  Farther  India  and  the  East 
Indies. 

e.  LABlAT.t  OR  MINT  FAMILY.— The  plants  are  mostly 
aromatic  herbs  or  shrubs,  with  square  stcni.s.  simple,  opi)ositc 
leaves,  bihibiate  flowers  and  a  fruit  consisting  of  four  nutlets. 
The  calyx  is  persistent,  regular  or  2-lippe<l  and  mostly  nerved. 
The  corolla  is  mostly  2-lipped,  the  upper  lip  being  a-lobcd  or 
entire*,  anil  the  lower  mostly  3-loI)ed.  The  stamens  arc  adnatc 
to  the  corolla  tube,  and  arc  either  4  and  didynanious.  or  2  per- 
fect and  2  aborted.    The  ovary  is  deeply  4-lobcd  (Fig.  134,  /). 

The  !-abiatie  are  esi>ecially  distinguished  on  account  of  the 
volatile  oils  w  hicli  they  yield  and  a  few  contain  bitter  or  glucosidal 
principles. 

I.  The  following  plants  are  oFFicrAr. : 

Scuteitaria  hlcHHora  (skullcap).  The  entire  plant  is  official. 
( See  page  638.  >  The  plant  is  a  |>erennial  herb  producing  slender 
stolons  somewhat  resembling  those  of  ])ep|)erniint  and  spearmint. 
The  stems  are  erect  or  ascending,  commonly  branching  and  from 
22  to  55  cm.  high. 

Marrub'tttin  7'uJ:^iirc  (white  hoarhound)  is  a  peremiial  woolly 
herb  with  ascending  branches,  the  leaves  and  flowering  tops  being 
official  (p.  628). 

Sa!fia  officinalis  or  ganlen  sage  is  a  perennial,  somewhat 
shrubby,  pulwscent  herb.  The  leaves  are  official  (p.  612).  Tiie 
flowers  are  bluish,  somewhat  variegated,  the  calyx  and  corolla 
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Mexth.v  species. — Tlie  plants  are  nearly  glabrous,  ililTiiscly 
branching  herbs,  which  fonn  leafy  stolons  thai  arc  perennial 
I  Figs.  (17.  1 75  J.  The  leaves  and  flowering  lops  of  luith  }fnitha 
piperita  (p.  631 )  and  Mctttha  spicala  (p.  632)  arc  official. 

2.  V'oLATiLK  oius  of  ihc  foUowing  plants  arc  official : 
Rosmarinus  otHcinalis  is  a  shrub  growing  in  the  Mediterranean 

countries.  The  plant  has  linear,  coriaceous  leaves,  and  bliiisti,  bila- 
biate Howers.  the  middle  lobe  of  the  lower  lip  of  the  corolla  being 
large,  concave,  and  iix>ihcd  on  ihe  margin.  The  flowering  tops 
yield  from  I  to  1.5  per  cent,  of  oil  which  is  composed  of  15  10  18 
per  cent,  of  bi^rneol ;  alionl  5  per  cent,  of  Ixjrnyl  acetate ;  and 
pinene.  caniphene.  camphor  and  cinneol.  There  are  two  commer- 
cial varieties  of  Ihe  oil,  the  Italian  and  French,  the  latter  having 
the  finer  odor. 

Lavandula  offtcinalis  (garden  lavender)  is  a  shrub  growing  in 
the  Xortbern  Mediterranean  coiiiuries.  as  well  as  in  England.  The 
leaves  are  linear,  coriaceous;  the  flowers  are  sniall.  light  blue, 
bilabiate,  with  a  tiibnlar  calyv.  and  occur  in  opix>site  cymes 
(vcrticillasters). 

The  oil  is  derived  from  the  fresh  flowering  tops,  the  flowers 
yielding  almit  0.5  per  cent.  Two  kinds  <^f  oil  are  on  the  market, 
namely,  French  and  P.nglish.  The  French  oil  contains  30  to  45 
per  cent,  of  1-linalyl  ncetatc:  linalool;  gcraniol.  Ixjth  of  which 
latter  constituents  <KCur  free  and  as  esters.  The  English  oil  con- 
tains abont  j;  to  10  per  cent,  of  linalyl  acetate  and  a  slight  amount 
of  cineol.  Spike  lavender  (Lazvitdula  spica)  is  sometimes  dis- 
tilled with  true  lavender  (p.  371). 

Thymus  rult^ttris  (garden  thnnel  is  a  small  shrub  having 
linear  or  linear-lanceolate  leaves,  and  pale  blue  flowers  with 
strongly  bilabiate,  hairy  calyx  that  nccnr  in  axillary  cymes.  The 
plant  grows  in  the  monntains  of  Southern  France.  Tlie  herb 
contains  from  0.3  to  0.9  per  cent,  of  volatile  oil.  which  is  of  a 
ilark  re<ldish-brown  color,  and  contains  from  20  to  25  per  cent,  nf 
thymol :  and  cymene.  I-pinene.  borncol  and  linalool.  The  Spanish 
oil  of  thyme  contains  from  50  to  70  per  cent,  of  carvacrol.  hut  no 
thymol. 

3.  Of  OTIIKK   PLANTS  f(F  THF.  I.ABIAT.E  which  afC  of  intCfCSt, 

tile  following  may  be  mentioned : 
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Ltri'ttttdula  s^icit  \iultls  oil  nf  >i>ikc.  which  has  an  tnlor  of 
hivcncter  and  rosemary.  ITie  oil  contains  camphor,  borneol,  cineol, 
linalool  and  cainphcnv. 

Oriiiaintw  majorana  ( Swccl  marjoram)  is  an  annual  culli- 
\'alcd  herb  that  has  more  or  less  oval,  cntirt  leaves,  white  flowers 
and  an  aromatic  odor  and  taste.  It  produces  a  volatile  oil  which 
c<jntatns  lerpinene  and  d-terpineol.  Orii^ouum  z'uf^arc  (  Wild  mar- 
joram )  throws  in  Hi-lds  and  waste  places  in  the  Eastern  United 
States  and  Canada.  The  calyx  is  e<|iially  ^-ttxithed  and  the 
corolla  v:iri<'s  from  whiti*  to  pink  i\r  jnirplc.  It  contains  a  volatile 
oil  having  an  odor  somewhat  like  that  of  the  nil  of  O.  witiiirutuj. 
Ori^amnu  hirtiim  and  O.  Oititcs  yield  an  origannm  oil  containing 
carvacrol  and  cymeiie.  The  nils  olitained  from  Crelian  Origanum 
arc  the  source  of  cunniiercial  carvacrol. 

Pv^osti'tnon  f'atchoufi.  a  jjlanl  cultivale<l  in  Southern  China 
and  the  East  and  West  Indies,  furnishes  the  oil  of  patciiol  li 
used  in  perfumery.  I'atchouly  camphor  and  cadinene  have  heen 
isolated  from  the  oil.  but  nothing,  however,  appears  to  lie  known 
of  the  nature  nf  the  odorous  jmnclple. 

Hys.iof'us  tifficiualis  (tiarden  livssop)  contains  al>out  0.5  per 
cent,  of  a  volatile  oil  to  which  the  characteristic  otior  of  the  plant 
is  line.  Snturrja  hortcitsis  (summer  savory)  yields  a  volatile  oil 
containing  carvacrol.  cyniene  and  tcrpcnc.  Ocintum  hastlicuit: 
(Sweet  ba.sil)  is  an  herb  growing  in  Europe,  and  yields  an  oil 
wliich  is  used  in  the  prefiaration  of  C'bartrciise  ar<l  similar  liquors. 
The  oil  contains  methyl  chavicol,  linaloi>l,  cineol,  camplinr  pjncne 
and  terpin  hydrate. 

Melissa  officimilis  (Sweet  balm)  is  a  perennial  herh  indigenous 
to  Europe  and  .\sia  and  also  cultivated.  The  leaves  are  ovate, 
dentate,  and  the  fltiwcrs  are  bilabiate,  the  calyx  being  bell-shaptrd 
and  i,vu*^rvfd.  The  taste  is  bitter,  this  being  diK  to  a  bitter 
jirinciplc.  The  fresh  leaves  are  fjuite  aromatic  and  produce  frotn 
O.I  to  0.25  per  cent,  of  a  volatile  oil  containing  a  stearoplene. 

Several  species  of  Monanla  known  as  horsemint  or  wild 
bcrgamot  are  used  in  medicine.  The  oil  was  at  one  lime  official. 
Tlic  oil  of  Monarda  pitnetata,  a  perennial  herb  found  growing 
from  New  York  to  Texas,  contains  thymol,  thymoquinone,  hydro- 
Ihymoquinonc.  carvacrol.  cyniene  and  limonene. 
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Stpcta  Cataria  ( catnip j  is  a  perennial  herb  naturalized  in 
the  L'niled  Suic&  from  Europe  (Fig.  74).  It  contains  a  bitter 
l)rindple.  tannin,  anri  an  oxygenated  volatile  oil.  Giccoma  hedc- 
racca  or  grounu  ivv  is  a  creeping  perennial  herb  with  blue  bilabi- 
ate flowers  and  rcniform.  crenatc  leaves.  It  contains  a  bitter 
principle  and  %'olaiilc  oil.  Cuuila  orii^atwidcs  or  American 
MiTT.wv,  is  a  small  perennial  herb  gnjwing  from  New  York  to 
Florida,  and  characterized  by  its  pungent  aromaiic  properties. 

Lconurns  Cardioca  or  motherwort  is  a  perennial  herb  nat- 
uralized in  the  L'niled  States  and  Canada  from  Europe.  Tlw 
leaves  are  3-Iobed:  the  calyx  is  5-ner\'cd  and  with  5  prickly 
teeth;  the  corolla  varies  from  white  to  pink  or  purple.  The  plant 
contains  a  volatile  oil  of  rather  an  unpleasant  odor;  a  bitter  prin- 
ciple ;  two  resins  and  several  organic  acids,  nanieh ,  malic,  citric 
and  tartaric. 

f.  SOI.ANACE.^  OR  POTATtJ  I'AMILY.— Tlie  family 
includes  herbs,  shrubs,  trees  and  vines,  which  are  most  abunilaiil 
in  iroj>tcal  regions.  The  leaves  are  alternate  and  van  from  entire 
let  ilissi'Cted.  The  flowers  are  mostly  regular,  except  in  hyos- 
cyamus.  The  stamens  arc  adnate  to  the  corolla  tube,  the  anthers 
c«)iuiivent  and  the  pollen-sacs  apically  or  longitudinally  dehiscent. 
Hie  fruit  is  a  berry  or  capsule  in  which  the  sepals  mostly  persist 
aiul  <innictimes  become  enlarged  or  inflated.  The  seeds  have  a 
large  reserve  layer  and  the  unibryo  is  frequently  curved. 

Datura  Stramonium  { Jimson  weed  )  is  a  large,  annual,  branch- 
ing herb  (Fig.  269).  found  in  waste  places  in  the  L'nited  Stales 
and  parts  of  Caiiarla.  being  naturalized  from  Asia.  The  leaves 
and  flowering  tops  are  official  (p.  622).  The  large,  spiny  capsule 
is  iihown  at  Fig.  8g,  B.     The  seeds  are  described  on  page  624. 

Atnifia  Belladonna  (Deadly  nightshade)  is  a  jKrennial  herb 
producing  a  large  fleshy  root,  which  is  used  in  medicine  (^p.  463). 
as  are  also  the  leaves  and  flowering  tops  (  Fig.  268,  p.  620) . 

Scopoiia  cantioiica  is  a  perennial  herb  with  nearly  entire  or 
somewhat  irregularly  toothed  leaves.  The  flowers  are  campan- 
tilati*  and  ilark  purple.  The  fruit  is  a  globular,  transversely 
dehiscent  capsule  (pyxidium),    The  rhizome  is  official  (p.  509). 

Hyoscyavtus  m)^er  or  henbane  is  a  biennial  herb  (Fig.  267), 
the  leaves  and  flowering  tops  of  which  are  official  <  p.  617). 
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Pichi  is  the  dried  leafy  twigs  of  Fabiana  imbricata.  a  shrub 
with  small,  scale-like  leaves,  indigenous  to  Chile.  It  contain>  a 
volatile  oil;  o. i  per  cent,  of  a  bitter  alkaloid;  a  glucoside  resem- 
bling sescuHn ;  and  a  bitter  resin. 

Solatium  Dulcamara  I.  Bitter  sweet)  is  a  perennial,  climbing 
herbaceous  plant,  indigenous  to  Europe  and  Asia  and  naturalized 
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1  showing  «Uirch  tfrains  and  cryntoli  of  caldurn  axAlate  unibrr  polarixrd  lis^t 


in  the  Northern  United  States,  The  branches  which  have  begun 
to  develop  periderm  are  cnllectetl,  and  were  formerly  official  as 
Dui-pAMARA.  They  are  cut  into  pieces  lo  to  20  mm,  long  which 
are  greenish-brown,  hollow,  with  a  sweetish,  bitter  ta.ste  and  con- 
tain a  glucoside,  dulcamarin,  am!  the  gluco-alkaloid  solanine. 
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Solanum  carotiwusc  (Horse  nctilcj  is  a  perennial  herb  having 
minicrous  yellow  prickles  on  the  branches  and  leaves.  The  leaves 
are  oblong  or  ovate,  irregularly  lobed  (Fi^.  176).     The  flowers 
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are  white  or  light  blue  and  ocair  in  lateral  cymes.  The  frnit  is 
an  oranpc-ycllow,  glabrous  berry.  The  plant  is  common  in  waste 
placof  in  Canada  and  the  United  States  east  of  the  Mississippi. 
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The  root  and  berries  are  iised  in  medicine.  Tlic  root  is  simple 
and  quite  long.  5  to  10  mm.  in  diameter,  vollowish-brown.  the 
bark  readil>  separating  from  the  wixxl.  It  has  a  narcotic  odor 
and  a  sweetisli.  bitter,  somewhat  acrid  taste.  Uoih  the  root  and 
berries  eontain  the  gluco-alkaloid  solanine.  which  varies  from  0.15 
( in  thtf  root )  to  0.8  per  cent.  ( in  the  berries  L 

Capsiititu  fasti^iatiim  (Cayenne  pepper  (  is  a  perennial, 
smooth.  herlKiceous.  or  somewhat  shrubby  plant.  wJtli  ovate,  acu- 
miiKtlc.  jH'tiolaie.  emire  leaves;  ihe  flowers  are  greenish-while. 
ami  siiliiary  in  the  axils  of  the  leaves.  The  fruit  is  official  and  is 
known  in  commerce  as  Afrintn  jiepper  (p.  578).  This  plant 
and  n  number  of  other  six-cies  of  fapsicimi  art*  indigenous  to  troj)- 
ical  America,  where  they  are  extensively  cullivate<l.  as  also  in 
Africa  and  India. 

Xicntiniui  Ttihacum  ( A'lrginin  Tobacco  plant)  is  a  tall  annital 
herb  imiigenousto  tropical  America  and  wiflelv  cult  ivatc<!.  The  stem 
is  simple,  giving  rise  to  large,  pubescent,  ovate,  entire,  dccurrent 
leaves,  the  veinsof  which  are  prfiminmt  an<l  more  or  less  hairy.  Tlie 
Howers  are  long,  tubular,  pink  or  reddi.sh,  and  occur  in  lemiinal 
spreading  c>mes.  The  various  forms  of  to1>acco  are  made 
from  the  leaves,  which  arc  hung  in  barns,  whereby  they 
undergo  a  slow  dn,'ing  or  process  of  curing.  Dther  species  of 
Ntcoliana  are  also  cultivated,  as  N.  pcrsica.  which  yields  Persian 
tobacco;  and  ,V,  ritstica.  the  source  of  Turkey  tobacco.  Tobacco 
leaves  contain  from  o.f\  to  9  per  cent,  of  the  alktduid  niL-otiue ;  an 
aromatic  principle  nicottanin  or  tobacco  camphor,  to  which  the 
characteristic  flavor  is  Hue  and  which  is  formed  during  the  curing 
of  the  leaves.  The  dried  leaves  yield  from  14  to  15  per  cent,  of 
ash.  consisting  in  large  part  of  {xHassium  nitrate. 

Sohnum  tuberosum  (  Potato  plants  is  indigenous  to  the  Andes 
region  of  South  America  and  is  extensively  cultivate<l  on  account 
of  the  edible  tubers.  The  tubers  (potatoes)  contain  almut  y^  per 
cent,  of  water.  20  (>er  cent,  of  starch,  and  nearly  2  per  cent,  of 
proteins  in  the  form  of  large  protein  crystalloids.  The  fruits  and 
young  shoots  contain  the  gluco-alkaloid  solanine  and  the  alkaloid 
solanidine.  The  tubers  conlani  a  small  amount  of  solanine.  which 
is  increased  when  the}-  are  attacked  by  certain  fungi  or  exposed 
to  light. 
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Besides  ilie  potato  plant,  several  uiher  plants  belonging  to  the 
Solanaceae  yield  vegetables,  as  the  Tomato  plant  {Solanunt  Lyco- 
fcrsicmii)  and  the  Egg  plant  [Sohititw  Mclottgcna).  Various 
cultiv'atod  ^t>ecics  of  Capsicum  annnum  furnlsli  the  common  red 
peppers  of  the  market. 

g.  SCkOPHlLARIACE.t  <JK  FIGWORT  FAMILY.— 
The  plants  are  herbs,  shrubs  or  trees  with  opjiosite  or  altt*mate 
leaves  and  perfect,  mostly  complete  and  irre^lar  flowers.  The 
corolla  and  stamens  show  some  resemblance  to  those  of  the  Labi- 
ata  in  that  the  corolla  is  fre<|nefitly  mnrc  or  less  ilipptil  ami  the 
stamens  are  didynamous.  The  fruit  is  a  dehiscent  capsule  and 
the  seeds  have  a  reserve  layer  anfl  a  <;traiR"ht  or  slightly  curved 
embryo. 

Lcptandra  virginica  {I'eronica  ^irginica)  or  Culver's  root,  is 
a  perennial  herli  with  leaves  in  whorls  of  3  tog,  those  on  the  upper 
part  of  the  stem  I>eing^  opposite.  Tliey  are  lanceolate,  serrate, 
and  pinnalely  veined ;  the  flowers  are  white  or  bluish,  tubular,  and 
in  dense  racemes.     Tht'  rhizome  and  ronti  are  official  (p.  501). 

Digitalis  f>ur{*urca  (Foxglove)  is  a  tall,  biennial,  pubescent 
herb,  producing  the  first  year  a  large  number  of  basal  leaves 
(Fig.  Xi5).  and  the  second,  a  long  raceme  of  drooping,  tubular, 
slight!}  irregular,  purplish  flowers;  the  inner  surface  of  the 
corolla  is  spotted,  the  stamens  are  rlidynamous  and  the  upper 
calyx  segment  is  narrower  than  the  others.  The  leaves  arc  official 
in  all  the  pharmacoixeias  (p.  613 1. 

The  Scrophulariaceae  arc  well  represented  in  the  United  States, 
and  a  number  of  the  plants  have  medicinal  properties.  The 
common  mii.i.kin  {i'crbiiscum  Thapsus)  contains  a  volatile  oil, 
two  resins  and  a  bitter  principle.  The  flowers  of  mullein  contain 
the  same  principles  and  in  addition  a  yellow  coloring  principle. 
Other  species  of  \'crbascum  are  usetl  in  medicine  in  different 
parts  of  the  world. 

Bi'TTEK-.\Nr>-E<.r.s  ( Linaria  vuliians)  contains  a  crystalline 
principle,  linariin.  antirrlunic  acid,  a  volatile  oil.  resin  and  tannin. 
Several  species  of  Scrophularia,  as  S.  nodosa  of  F-urope  and  S. 
marilaiuiico  of  the  F.astcrn  United  States,  contain  a  pungent 
resin  and  a  trace  of  an  alkaloid.  TL'RTLE-iiE.\n  {Chrlonc  i^hhra) 
conlains  a  bitter  principle  an<l  gallic  acid.     The  entire  plant  of 
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HYSSOP  (Gratiola  officinalis)  of  Europe  contains^  ^ratiolin,  a  bitter 
glucosiHe,  aiid  gratiosolin.  The  leaves  of  Curanga  amara  of  the 
East  Indies  contain  a  glucoside.  curanjiin.  which  resembles  digi- 
lalin  in  its  action. 

h.  mG\OXIACF..K  OR  TRt'MPKT-CREF.PER  FAM- 
ILY.— The  plants  arc  shrubs,  trees  or  woody  vines,  and  are  repre- 
sented in  the  Cniled  States  by  the  catalpa  tree  {Catalpa  bi^Ho- 
nioides)  and  the  triinipei  creeper  (  Tfcotna  rodicans).  The  bark, 
pods  and  seeds  of  Cat alpa  liave  Ijcen  used  in  medicine  and  con- 
lain  a  liitter  principle.  cataJpin.  a  glucosi<le  and  several  crystalline 
])rbicipie5.  The  tku'mpkt  ckeei'EK  cuntaiiis  narcotic  poisonous 
principles.  The  leaflets  of  Caroma  {/(icaratjda  Copaiu).  and  other 
species  of  Jacaranda  contain  the  alkaloid  caroliinc.  an  aromatic 
resin,  carubonc  and  a  principle  having  the  odor  of  conmarin. 

i.  PEDALIACEj^. — The  plants  are  herbs  indi^fnoiis  lo  the 
Tropics  of  the  Old  World,  some  of  which  arc  now  cultivated  in 
the  Tropics  uf  Iwtli  hcinisijlicrts.  Benne  oil  (oil  of  sesame)  is 
obtained  from  the  see<ls  of  Scsamum  Indicxtm  l)y  expression.  Tl 
consists  chiefly  of  a  glycerite  of  oleic  acid,  a  glyceritc  of  linolcic 
acid,  and  niynstin.  palmitin  and  stearin.  It  is  a  bland,  non-drying 
oil  and  is  used  like  olive  oi!. 

j.  ACANTHACE/E  OR  ACANTHUS  FAMILY.— The 
plants  arc  mostly  tropical  perennial  herbs,  or  shrubs  with  opposite 
leaves,  in  the  mesophyll  or  epidermal  cells  of  which  cystoliihs 
usually  occur  ( I'ig.  22  0-  Several  genera  are  represented  in 
the  United  Slates,  one  of  which.  Ruellia  [RiuUia  ci(iosa).  is  the 
source  of  the  spurious  spigelia  which  has  been  on  the  market  for 
some  years  past  (p.  504). 

RucUia  ciliosa  is  a  perennial  herb  which  is  distinguished  from 
the  other  species  of  the  jjenus  Ruellia  !)y  the  leaves,  stems  and 
calyx  Iteing  distinctly  jiubescent.  The  leaves  are  ovate-lanceolate. 
nearly  sessile  and  entire ;  the  flowers  are  blue,  sessile,  solitary,  or 
two  or  three  in  a  cluster,  in  the  axils  of  the  leaves ;  the  stamens  are 
4,  and  exsertcd.  The  fruit  is  an  oblong,  terete  capsule  containing 
from  6  to  20  orbicular  seeds.  The  plant  is  found  from  New 
Jersey  and  Pennsylvania  to  Michigan  and  as  far  south  as  Florida 
and  I^uisiana.  Long  cystoliths  are  found  in  some  of  the  epi- 
dermal cells  of  both  surfaces  of  the  leaf. 
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Quite  a  nimilM-T  of  ihc  planls  ol  the  Acanthacex  are  used  in 
the  Tropics  in  me<licine.  C.)ne  of  these,  Adhatoda  X'asica  of  troi>- 
ical  Asia,  contains  the  alkaloid  vasicine,  and  is  .said  to  have  ihc 
property  of  destroying  alg^*  wliich  (jrtiw  in  the  rice  swamps. 

k.  PLANTAGINACE/K  OK  TLAXTAIX'  FAMII^Y.— The 
plants  are  annua)  or  perennial  herlis.  represented  by  but  few 
genera,  but  ninuerous  sjjecies.  The  principal  genus  h  PlaiUago. 
which  includes  200  species  that  are  widely  distributed.  Several 
species  of  Plantafjf)  are  used  in  medicine.  The  common  plantain 
{Plantai^o  major)  contains  a  hitter  principle  and  a  resin  The 
short  rhizome  contains  considerable  starch.  The  seed-coat  lias 
an  outer  mucila^^inous  Ia>er.  and  the  mucilage  of  the  sec<ls  of 
PlantOj^o  f*sylliuiii.  P.  arcuaria  (both  oi  Europe)  and  /*.  isf*aiihnl 
(of  the  East  Indies)  is  used  as  a  sizing  material.  The  seeds  of  a 
number  of  the  s|>ecies  of  Plantago  are  used  as  bird  food,  parlic- 
ularly  for  canaries. 

V.      ORDER    RUBI.XLES. 

The  plants  of  this  order  are  distinguished  from  all  of  the 
preceding  Symixrlahc  by  having  flowers  which  are  disiinclly 
epigynons.    The  leiives  are  ojijMisite  or  verticillate. 

a'.  kUBIACE,*:  OR  MADDER  FA.MIEY.^The  plants  are 
herbs,  .shnibs  or  trees,  antl  of  the  representatives  ftnuul  in  the 
T'nited  Slates  tlie  followinj;  tnay  be  ineniinned:  Bluels  (IlouS' 
Amia  species ) .  I'artridge-berry  [Mitciu-lhi  repens)  and  Hedstraw 
(Galium  species).  In  Mitchella  and  lionstoria  the  flowers  are 
dimorphic. 

Cinchona  species. — The  plants  are  mostly  trees,  or  rarely 
shrubs,  with  elliptical  or  lanceolate,  entire,  evergreen,  pctiolale. 
opposite  leaves  (Tig.  177).  The  flowers  are  tubular,  rose-colored 
or  ycllowisb-wliite.  and  occur  in  tenninal  racemes.  The  fruit  is 
a  cajisulc,  which  dehisces  into  two  valves  from  below  upwaril. 
the  valves  being  held  above  bv  the  ixTsistent  calyx.  The  seeds 
arc  numerous  atid  winged.  Tlicrc  are  from  30  to  40  species  of 
Cincliona  found  growing  in  the  Andes  of  South  .\merica  at  an 
elevation  al>nve  Stxi  M.  and  in  a  restricted  area  about  500  mile* 
in  length  extending  from  Venezuela  to  Bohvia.    The  plants  are 
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cultivated  in  Java,  Ceylon,  New  ZealanU  and  Australia,  as  well 
as  in  Jamaica. 

There  arc  two  sjx'cii-s  whicli  fvirnisli  the  Cinchona  hark  (p. 
517)  of  medicine:  (1)  Cinchomt  l.ed^cruiua  [C.  CoHsaxa  J.cdg- 
criana),  which  has  small,  elh'ptical.  coriaceous  leaves,  the  under 
surface  of  wlilch  is  rcrlclish:  small,  >ellowish.  intxloroiis  flowers, 
and  a  short  capsule:  (21  C.  succirubra  which  has  large,  thin, 
broadly-elliptical  leaves,  purplish-red  calyx,  rose-colored  petals  and 


f.^ 


Ftc.   1;;.     Cinchona  Ltdtrriama:  A.  flowerins  brmnch:  B.  bud  and  open  flower* 
C,  frultiOR  brnnch. — After  Schumann. 

a  very  lonjj  capsule.    While  t".  Led  if  criana  yields  l>arks  containing 

the  highfsi  aniount  of  alkaloids.  C.  succirubra  is  most  cultivated. 

Vrafioga  (Cephaelis)  IpecacuanlM. — Tlic  plants  are  perennial 

herbs  10  to  20  cm.  high,  with  a  creeping,  woody,  hypogeous  stem. 

I  The  roots  are  official  in  all  of  the  pharniacoptBias  (p.  467).  The 
leaves  are  elliptical,  entire,  short-potiolate.  and  with  divided  stip- 
fiiles  (Fig.  178').    The  flowers  are  white  and  fonn  small  terminal 

J-heads.     The   fruit   is   a   blue   bcrrj*.   with   characteristic   spiral 

^arrangement  of  tlic  carpels. 
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Coffta  arabica  is  a  small  evergreen  tree  or  shrub  with  lanceo- 
late, acuminate,  entire,  slightly  coriaceous,  dark  green,  short- 
peliolate  leaves,  which  are  partly  united  with  the  sliort  inter- 
petiolar  stipules  at  the  Ijasc.  The  flowers  are  white,  fragrant,  and 
occur  in  axillary  clusters.    The  fruit  is  a  small,  spherical  or  ellip- 
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Ptc  i:«  It«t»c  pUnt  [C#M<^^u  iVragota)  lf*tiicttaitha\:  A.  Sowcrinii  »hoot;  B. 
flower  in  kinfiU  udinsi  MCtion;  C.fnut.  D.  (rail  in  tnnfevvne  section;  E,  leecl;  F,  annulate 
rool, — After  Schumann. 

soidal  dnipe  with  two  loades,  each  containing  tmc  seed,  or  cokkee 
GRAIN.  The  coffee  plant  ts  inrligenous  to  Abyssinia  and  other 
parts  of  Rastem  Africa,  aiirl  is  widely  cnltivared  in  tropical  coun- 
tries, notably  In  Java,  Sumatra.  Ceylon  and  Centra!  and  South 
America,  particularly  Brazil,  over  600,000  tons  being  protluced 


CLASSIFICATION  OF  ANGIOSI'ERMS. 


381 


annually  in  the  latter  cotintr\ .  The  yield  of  one  tree  is  l)etwecn 
1  anJ  12  |K)iin(ls.  There  are  two  methods  of  freeing  the  seeds 
from  the  parchment -like  eudocarp:  In  the  one  case  the  fruits 
are  allowed  to  dry  and  are  then  broken ;  in  the  other  case,  which 
is  known  as  tlie  wet  method,  the  sarcocarp  is  rcniovefl  hy  means 
of  a  machine,  and  the  two  seeds  witli  the  parchmenl-Iiko  endocarp 
are  allowed  to  dry  in  sucli  a  manner  as  to  undergo  a  fcnncntalion. 
and  after  dr>inR  the  endocarp  is  removed.  Coffee  seeds  contain 
from  I  to  2  per  cent,  of  cafkeinf  ;  from  3  to  5  per  cent,  of  tannin  ; 
about  15  per  cent,  of  ghicose  and  dextrin :  10  to  13  per  cent,  of  a 
fatty  oil  consisting  chiefly  of  olein  and  palmitin:  10  to  13  per 
cent,  nf  proteins:  and  yield  4  to  7  per  cent,  of  ash.  The  official 
caffeine  is  derived  in  |)art  from  coffee  seeds. 

In  the  KOASTiNP,  of  coffee  there  is  a  change  in  the  physical 
character  of  the  seeds,  as  well  as  a  change  in  some  of  the  conslit- 
uenis.  The  akoma  is  supposed  10  Ix'  due  to  an  oil  known  as 
cfiffeol.  which  is  said  to  he  a  methyl  ether  of  saligenin. 

Onrouparia  Cambir  is  a  liane  climbing  hy  means  of  Imoks. 
The  leaves  are  ovate  or  oblong  and  coriaceous,  with  linear 
recurved,  inlerpetiolar  stipules.  The  flowers  are  while,  silky,  and 
arrangeil  in  single,  axillary  heads.  like  those  in  the  button  bush 
iCephahnthus  ocdticntalis).  The  fruit  is  a  2-valved.  dehiscent 
cafvsule  with  i^rsistent  calyx.  The  seeds  are  numerous  and  have 
several  filiform  appendages.    It  yields  Gambir  (p.  (SfiTiV 

A  number  o(  the  Rubiaccx  contain  valuable  coloring  prin- 
ciples, as  the  tnadder  plant  i  Nubia  fiiictorum).  which  is  a  peren- 
nial herb  uccurring  wiUl  in  Southern  l-airope  and  formerly  culti- 
vated in  l'>ance  and  (iennany  on  account  of  the  coloring  principle 
in  its  root.i.  TTie  root  is  known  commercially  as  M.\nrit;H.  and  con- 
tains when  fresh  a  yellow  coloring  principle,  which  on  the  tirying 
of  the  rotit  breaks  up  into  several  glucosides.  one  of  which  on 
further  decomposition  yields  .\LiZAitiN.  the  principle  to  which  the 
red  color  of  the  rlried  root  is  due.  .\t  present  alizarin  is  made 
;irtificiail>  from  anthracene,  a  coal-tar  derivative,  anri  hence  the 
demanil  for  madder  has  declined. 

Moriiida  cithfolia,  a  shrub  widely  ilistrilnited  in  tropical  coim- 
trics.  contains  a  red  coloring  princi|)le  in  the  flowers  and  a  yellow 
coloring  principle  in  the  roots,  the  latter  being  known  as  morindin 
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and  resfinbling  the  color  principle  in  madder.  The  wood  of 
Morttula  is  not  attacketl  bv  insectfi.  and  the  same  is  said  uf  ctolli- 
ing  dyed  with  the  extract  of  the  roots. 

The  pulp  of  the  fruit  of  Cape  jasmine  {Gardenia  jasminoidcs) 
contains  a  yellow  coloring  principle  rcsend)ling  crocin.  fotinti  in 
Crocus. 

The  stem  an<l  root  barks  of  Biitton-biish  (Cepltalaiithus  occi- 
dirnttiiis)  common  in  swampy  regions  in  the  United  States,  arc 
st)melinies  used  in  metlicine.  'Hie  barks  contain  a  bitter  gUtctwide. 
ccphiilantbin,  and  a  tasteless  gUicosi<lc  which  is  thiorescent  in  sohi- 
tion.  Mitcht'Ha  rc/'cns  contains  a  saponin-like  body  in  the  fruit 
and  a  tannin  and  bitter  principle  in  the  leaves.  Quite  a  number  of 
s[>ecies  of  (ialinm  ( be<ls(raw  )  are  used  in  nie<licine  an<l  frjr  otlier 
pnrp«iscs.  A  principle  resembling  glycyrrhizin  is  found  in  wild 
licorice  \  Galium  i'iira'ji^atts).  a  iKretmial  herb  gnnving  in  dry 
woods  in  the  L'nited  States,  and  also  in  Golittm  louceolatum.  whicli 
is  found  from  Virginia  northward  to  Ontario.  The  yellow  l»ed- 
straw  (  Cnliuni  veruw).  naturaUzed  from  Europe,  contains  a  milk- 
cnrdHng  fennenl. 

b.  CAPRIFOLIACE/KOR  HONKYSCCKLE  FAMILY.— 
The  ]>lants  are  perennial  herbs,  shrubs,  trct-s.  or  woody  climbers 
with  opposite,  simple  nr  ])innatcly  comp<^ntn<l  leave;--  The  flowers 
are  perfect,  epigynous,  regular,  or  bilabiate,  and  arranged  in 
corymbs.  The  fruit  is  a  Iw-rry.  drn[je  or  capsule.  They  arc  mostly 
h]<ligenous  to  the  northern  hemisphere. 

P'ihftrtiuttt  f*ru»i folium  {  Black  haw)  is  a  shrid*  or  small  tree 
25  cm.  in  diameter.  The  winter  bu<ls  are  acme  an<l  reddish- 
pubescent  ;  the  leaves  are  ovale,  elliptical,  obtuse  or  acute  at  the 
apex,  somewhat  rotinded  at  tlie  base  finely  serrulate,  glabrous 
and  short-jjetiolatc  (Fig.  179):  the  flowers  are  white  and  in 
nearly  sosile  cymes;  the  fruit  is  a  »niall,  oval,  bluish-black, 
glaucous,  inferior  drupe.     TTic  root-bark  is  official  (p.  525). 

I'ibunium  Opultts  (Wild  guelder-rose  or  cranberry-tree)  is 
a  Nhrub  alxnit  half  the  height  of  i  *.  prunifotium,  with  broadly 
ovate,  deeply  3-lobed  and  coarsely  dentate  pubescent  leaves.  The 
Howers  are  white  and  in  com|>ound  cyme'i.  the  outer  being 
sterile  and  large  and  showy.  Tlte  fruit  is  a  reildisb.  globular. 
very  acid  tlrupe.    Tlie  bark  is  official  (p,  532).    The  Snow-ball 
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resembles  F.  dentatum,  but  has  larger  leaves  tliat  are  crenate 
or  dentate  antl  stcllalc-pubesccni  nn  the  lower  surface;  Larger 
withe-rod  (T*.  nudmu),  havinjj  nearly  entire  leaves  and  a  pink 
drupe,  which  become^,  dark  blue. 

Sambuctis  canadi'iisis  ( American  elder)  is  a  shrub  growing 
ill  moist  places  in  the  L'nitetl  States  as  far  west  as  Arizona  and  in 
Canafla.  The  leaves  are  5-  to  7-foliate.  the  leaflets  bein^'  ovate, 
elliptical,  acuminate,  sharijly  serrate  and  with  a  sht>rt  stalk;  the 
dowers  are  small,  white  and  in  convex  c\'mes.  The  fruit  is  a 
deep  purple  or  black  berry-like  drupe.  The  dric<l  flowers  arc  used 
in  medicine.  They  arc  alxjut  5  mm.  broad,  with  a  5-toothcd. 
turbinate  calyx,  and  a  5-lolx'd.  rotate  corolla,  to  which  the  3  sta- 
mens are  adnate.  The  odor  is  peculiar  and  the  taste  h  mucil- 
aginous and  somewhat  aromatic  and  biiier. 

The  active  ]>rincipks  have  nol  iK'en  tletemiincd,  but  arc  pntb- 
ably  similar  to  those  of  JT.  ni^ni.  The  inner  bark  is  also  used  in 
nic<licine  and  contains  a  volatile  oil.  a  crystallizable  resin  and 
valerianic  acid.  It  docs  not  appear  to  contain  either  tannin  or 
starch.  The  routs  of  elder  corUain  a  volatile  principle  somewhat 
resembling  coniine.  The  pith  consists  chiefly  of  cellulose,  is  deli- 
cate in  texture  and  has  a  variety  of  uses. 

The  Ulack  el<Ur  {Satuhirnis  iit^ra),  which  la  a  shrub  com- 
mon in  EurojK.  is  characterized  by  narrower  leaflets,  a  3-Iocular 
ovary  an^I  black  berries.  The  flowers  are  official  in  some  of  the 
Euro|)ean  pharmacoixeias.  They  contain  abmu  0.4  per  cent,  of 
a  greenish-yellow,  semi-solid  volatile  oil,  which  when  diluted  has 
the  (xlor  nf  the  flowers.     They  also  contain  an  acri<l  resin. 

The  Ked-berried  elder  or  mountain  elder  (S.  f'uhrtis)  some- 
what resembles  the  common  elder,  but  the  stems  are  woody,  and 
(he  younger  branches  have  a  reddish  pith.  The  flowers  arc  in 
panicxdatc  cxities.  antl  the  fruits  are  scarlet  or  rc*l. 

r)tber  plants  of  the  Capri foliacea?  arc  also  used  in  medicine. 
Horse  gentian  iTriosU'um  f>crfoluttum).  a  perennial  herb  with 
connate-perfoliate  leaves  and  small,  orange-red.  globular  drupes, 
growing  in  Canada  an<I  (he  L'nited  Stales  as  far  west  as  Kansas, 
furnishes  the  drug  f  rhizome)  known  as  \Vri-L>  ipecac  or  Trios- 
tcuni.  The  rhizome  is  yellowish-browu.  somewhat  branched, 
cylindrical,  10  to  20  cm.  long.  10  to  15  nmi.  in  diameter,  with 
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numerous  ciip-shapcd  stem-scars,  and  coarse,  spreading  roots; 
it  is  rather  hard  and  tough,  and  has  a  bitter,  nauseous  taste. 
Trioslciim  contains  an  emetic  alkaloid,  triosteine.  and  considerable 
starcli.  The  seeds  of  Triosteum  f^erfoHotum  arc  sometimes  roasted 
and  cm)>loye<l  like  coffee,  the  plant  being  known  as  Wild  coffee. 
The  roots  ami  stems  of  the  following  plants  arc  sometimes 
emplove<l:  The  Snowberry  iSymphoricarf>as  mccmosus),  the 
Bush  honeysuckle  {OicniUa  trifida)  and  various  s|)ecies  of  Loiii- 
cera.  these  Iwing  also  known  as  honeysuckles. 


yj.     ORDER  VALERIANALES  OR  AGGREGAT^B. 

The  plants  are  mostly  herbs  with  an  inferior  ovar}*,  which  is 
cither  unilocular  with  a  single  i>endulous  ovule,  or  tri-locular 
with  frequently  but  a  single  anatrnptuis  ovule. 

a.  VALI-:R1AKACE.E  ok  VALKRIAN  FAMILY.— The 
plants  are  herbs  with  opposite,  exstipulate  leaves,  small,  perfect, 
or  polygamo-diwcious  flowers,  occurring  in  corymbs.  The  fnilt 
is  dry.  indehisccnt  and  akcne-like.  The  calyx  is  persistent,  becom- 
ing elongated  and  plnmosc.  anfl  resembling  the  pappus  in  the 
Compos  itje. 

Valeriana  oHichialis  { Garden  or  Wild  valerian  )  is  a  tall,  peren- 
nial herb,  more  or  less  pubescent  at  the  nodes.  The  leaves  arc 
mostly  basal,  pinnately  parted  into  seven  or  more  segments, 
which  are  lanceolate,  entire  or  dentate.  The  flowers  are  white 
or  pink  and  arranged  in  corynibed  cymes.  The  calyx  is  much 
reducetl,  consisting  of  5  to  15  piimately  branched  teeth  (pappus)  ; 
thi'  conilla  is  tubular,  somewhat  sac-like  on  one  side,  bttt  no* 
spurred  as  in  other  members  of  this  family :  tlie  stamens  arc  3  in 
ntmibcr  and  a<lnate  to  the  corolla  tube:  the  stigma  is  3-lol)ed.  The 
fniit  is  ovoid,  glabrous,  and  with  a  conspicuous  plumose  pappus. 
The  rhizouK-  and  roots  are  official  [p.  504). 

The  young  leaves  of  several  species  of  Valerianclla  are  used 
as  a  salad  and  are  cultivated  like  spinach,  as  the  European  corn- 
salad  (l\  oUtoria).  whicli  is  also  cultivated  to  some  extent  in 
the  United  States. 

b.  DIPSACACE.^  OK  TEASEL  FAMILY.— TIte  plants 
are  annual  or  perennial  herbs,  chiefly   indigenous   to  the   Old 
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World.     The  flowers  are  arranged  in  heads  on  a  common  torus, 
rescmblirm  in  some  cases  rhose  of  the  Coinposilse. 

Some  of  the  plants  are  used  in  medicine,  as  the  umAs,  leaves. 
Howers  and  seeds  of  I'lillcr's  teasel  iDtpsacus  fiiHunum),  the 
roots  of  Succisa  f'ratt'tt.us  of  Europe,  and  several  sipccies  of  Scabi- 
osa  anil  Ccphalaria.  The  seeds  of  Ci'fthalaria  syriaca  when  ad- 
mixed witii  cereals  j^ive  a  bread  that  is  <lark  in  color  ami  bitter. 
This  family  is.  however,  chiefly  of  interest  on  account  of  Fuller's 
teasel,  which  is  a  cultivated  form  of  Dlpsacus  ferox.  indigenous 
to  Southwestern  Asia,  the  plant  lx*ing  adtivated  in  Uuropc  and 
New  York  State.  Hie  eionfjated.  globular  heads,  with  their  finii. 
spiny  and  hooked  bracts,  are  used  in  the  fulling  of  cloth. 


\*11.      ORDER    CAMPANULAT.t. 

This  order  ilifTers  from  the  two  precetling  by  having  the 
anthers  united  into  a  tul>e  { syngenesious).  tl  includes  three  prin- 
cipal families,  which  are  distiiij'uished  by  differences  in  the  char- 
acter of  the  andn_ecium;  la)  Cucurbitacear.  in  which  there  are 
three  stamens,  liaving  not  only  the  anthers  united  but  the  fila- 
ments also  f  nionadelphous  >  :  <b)  Canipanulaceie.  in  which  there 
are  five  stamens,  l>)th  the  filaments  and  anthers  being  united  into 
a  tube ;  ( c )  Compositae.  in  which  there  are  five  stamens,  but  the 
anthers  i>nly  are  united,  the  filaments  Iwing  sei>arate  (Kig.  ^2.  A). 

a.  CI'CL'RU1TACE.K  OK  (iOLKU  KAMU.V.— The  plants 
are  mostly  annual,  tendril-climbing  or  trailing  herbs  (Fig.  66). 
mainly  in<ligcnoiis  to  tropical  regions.  The  leaves  arc  alternate, 
being  opposite  ihe  tendrils.  [K'tiolate.  and  entire,  palmalely  lolnrd 
or  dissected.  The  flowers  are  epig>'nous;  the  petals  arc  borne  on 
the  calyx  tidv;  and  frequently  are  united  (campanulaie) ;  the  ovary 
is  I-  to  3-locuiar  and  wiUi  lew  or  many  anatropous  ovules.  The 
fruit  is  a  pepo,  which  is  indehiscent  but  may  burAt  somewhat 
irregularly. 

CitruUits  Cohcynthis  is  a  trailing  herb  with  deeply  lobcd 
leaves.  The  flowers  are  yellow,  axillary  and  momccious.  the 
staminatc  being  wirh  short  fdaments  and  glaniltdar  pIstillcKics 
(aborted  pistils),  and  the  pistillate  having  a  3-locular.  gloliose 
ovary  and  three  short  staminodes.     Tlie  fruit  is  globular,  5  to  lO 


CLASSIFICATION  OF  ANGIOSPERMS. 


-^87 


cm.  in  diameter,  smooth.  g:recnish  ami  mottled  (Fig.  254)  The 
fruit  <lc|jrived  of  the  epicarp  (  Fig.  J54)  is  official  ip,  583). 

Cucurbita  Pcpo  (puinpkin-viiie)  is  an  extensively  trailing 
Iiispid  vine,  witli  large,  nearly  entire,  cordate  leaves  with  long 
])etioles.  The  tendrils  are  hranching.  Tlie  flowers  arc  targe. 
deei»  yellow  and  moncEcious;  the  staininate  ones  Ix'ing  in  groups 
and  the  pistillate  single.  The  fruit  is  a  large,  yellowish  berr), 
sometimes  weighing  from  10  to  72  K.  The  see<is  are  numerous 
and  are  official  as  I'epo  (p.  421) ). 

Ecballium  Ehtcrium  (Stpiirting  cucumber)  is  a  bristly-hairy, 
trailing  perennial  herb  with  thick,  rough-hairy,  cordate,  some- 
what undulate  leaves.  The  flowers  are  yellow,  monoecious.  The 
fruit  is  ellipsoidal,  about  4  cm.  long,  rough-hairy  or  prickly,  pend- 
ulous, and  at  maturity  separates  from  the  stalk,  when  the  sce<ls 
are  discharged  upward  through  a  basal  pore.  The  plant  is  indig- 
enous to  the  European  countries  bordering  the  Mediterranean, 
the  Caucasus  region.  Northern  Africa  and  llic  Azores.  The  juict- 
of  the  fruit  yields  the  ilrug  Ei-\terhjm,  whicli  is  official  in  the 
British  1'hamiacopi.cia.  Elaterium  contains  alH^ut  44  per  cent. 
of  a  neutral  jjrinciple,  fj.aterin,  which  latter  is  official  in  the 
U.  S.  Pharmacopeia.  Elaterium  also  contains  a  bitter  yelluw 
glucoside,  pniphetin;  a  bitter,  acrid,  resin-like  substance.  ecl>a!- 
lin  (elateric  acid):  a  bitter  principle,  elaterid.  precipitable  by 
tannin;  and  a  principle  which  is  not  bitter,  hydro-elaterin.  The 
juice  of  the  other  parts  of  the  plant  apparently  contains  the  same 
principles. 

Bryonia  or  brvony  is  the  dried  root  of  Bryonia  alba  (White 
bryony),  a  climbing  herb  indigenous  to  Southern  Sweden,  East- 
ern and  Central  Europe,  including  Southern  Russia,  and  North- 
ern Persia  (Fig.  66).  Br)*ony  occurs  in  the  market  in  nearly 
circ»dar  disks,  which  are  2  to  10  cm.  in  diameter.  5  to  ro  min. 
thick.  wliile  or  yellowish-white,  with  concentric  zones  of  collateral 
fibrovascular  bundles :  short,  mealy  fracture :  slight  odor,  anc! 
bitter,  nauseous  taste.  The  <lrug  contains  two  bitter  gluco*;ides. 
bryoTitn  and  bryonidin ;  two  re5inf)us  principles  and  considerable 
starch.  Bryonia  dioica  (Red  bryony^  also  has  medicinal  prop- 
erties and  is  a  source  of  the  drug.  B.  lUnica  has  red  lierries.  while 
the  fruit  of  B.  alba  is  black.    The  latter  plant  is  sometimes  known 
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c.  KAMILV  COM r(iS!T.-E.— This  is  a  large  group  of 
plants,  which  are  annual,  biennial  or  perennial  herbs,  undcr- 
shnib.s.  >!irubs.  trees  and  twiners  or  even  climbers,  n  few  being 
a<)ti»tic.  They  contain  inulin.  a  constituent  fjeculiar  tn  this  group 
of  plants.  The  most  distinguishing  character  is  the  inflorescence, 
which  i*  a  head  r>r  capilulum  (  Figs.  l8i.  242 1.  consisting  of  I  or 
J  kind**  of  rto\ixTS.  arranged  on  a  common  torus,  and  subtended 
by  a  number  of  bracts,  forming  an  involucre.  The  flowers  are 
epigynoij:*  and  the  fruit  is  an  akonc.  nsually  sunnounled  by  the 
persistent  calyx,  which  consists  nf  hairs,  bristles,  teeth  or  scales, 
which  are  known  collectively  as  the  pappus  (Fig.  241  ). 

The  individual  flowers  are  called  florets  (Figs.  241,  242I, 
and  may  Ik*  hemtaphrodile  or  pistillate,  momtcious.  tliuecious  or 
neutral.  Depending  upon  the  shape  of  the  corolla,  two  kinds  of 
flowers  arc  recognized,  one  in  whici)  the  corolla  forms  a  tube, 
which  is  5-lobed  or  5-cleft.  known  as  tliiii.ar  rujwiiKS  (Figs. 
241.  C:  243,  C) ;  and  one  in  which  the  petals  arc  unite<l  into  a 
short  tube,  with  an  upper  part  that  forms  a  large,  strap-slia]>ed. 
usually  5-toothed  lin^b.  known  as  U(JL-r.ATF.  fuiwer.s  (h'igs.  241. 
B:  242,0 ). 

In  some  of  the  plants  of  the  Conij^sita'  the  liead  consists  of 
ligulatc  flowers  onl).  l)iit  in  the  larger  number  of  plants  tlie  hea<l 
is  composed  of  both  tubular  and  ligulate  flowers  or  tubular  flowers 
alone  and  accordingly  two  main  groups  or  stib-fanitlies  are  dts- 
tinguislie<i.  The  sub-family  in  which  all  of  the  Howerti  are  lig- 
ulate  is  known  as  Lini'LrKu»k.«,  or  Cichokiace^e.  by  those  who 
give  the  group  the  rank  of  a  family.  This  group  includes  plants 
like  dandelion,  chicory,  lettuce  and  llieracium.  The  group  nr 
sub-family  in  which  the  flowers  are  all  tubular  or  ligulate  on  the 
margin  only,  is  known  as  the  Ttr!nr[.tFi,oR-K.  Ulicn  the  head 
consists  only  of  tubular  flowers  it  is  called  insctMH.  hut  when 
ligulate  flowers  are  also  present  it  is  called  R.\mATE.  When  the 
heads  are  radiate,  as  in  the  common  daisy,  the  tubular  flowers 
are  spoken  of  as  niSK-FUtWEH.s,  anti  the  ligulate  flowers  as  r.\y- 
FLOWEBS.  The  disk-flowers  are  usually  jKirfect.  while  the  ray- 
flowers  are  pistillate  or  neutral  (without  either  stamens  or  pistils), 
P»y  some  systematists  the  Tubulittorac  are  divided  into  groups 
which  have  been  given  the  rank  of  families.     This  division  is 
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based  especially  on  the  characters  of  ihc  stamens.  In  a  small 
group  repn-sCTitetl  by  the  razeed  and  known  as  the  Ajuiiiwirvi- 
ACE.t.  the  anthers,  while  close  together  (connivent)  are  not 
united,  and  the  corolla  in  the  marginal  or  ptstillate  flowers  is 
reduced  to  a  short  tube  or  ring.  In  a  large  gTYmp.  which  includes 
probably  10.000  species  and  which  is  considered  to  be  the  Com- 
FosiT.c  proper,  the  stamens  in  the  tubular  flowers  arc  syngene* 
sious  and  the  marginal  or  ray  flowers  are  distinctly  ligulatc.  This 
group  includes  the  daisy,  sunflower,  golden-rod,  aster,  thi&tlc  and 
moftt  of  the  plants  which  yield  ofllicial  drugs. 

It  may  also  be  added  that  the  Conjpositsc  is  considered  to  be 
the  highest  and  youngest  group  of  plants. 

Taraxacum  ofHcinaif  (DandeUon)  is  a  perennial,  acaulcsccnl 
herb  with  milky  latex :  oblong-spatulatc.  pinnatifld  or  runcinalc, 
decument  leaves,  and  with  a  i -headed  scape,  the  stalk  of  which  is 
hollow.  The  flowers  are  ligulate.  golden  yellow  and  numerous; 
the  involucre  ctwisists  of  two  series  of  bracts,  the  inner  one  of 
which  closes  over  the  head  while  the  fruit  is  maturing,  afterward 
becoming  rcflcxed.  The  fruit  consists  of  a  loose,  globular  head 
of  akcnes.  each  one  of  which  is  oblong-ovate  and  with  a  slender 
beak  at  the  apex  \^hich  is  prolongctl  into  a  stalk  bearing  a  radiate 
tuft  of  silky  hairs,  which  constitute  the  pappus.  The  root  is  fusi- 
form and  usually  Iwars  at  the  crown  a  number  of  branches  J  to  5 
cm-  long,  having  a  small  pith  and  other  characters  of  a  rhizome. 
The  root  is  official  (p.  458). 

Lactuca  \irosa  { Poison  lettuce)  is  a  biennial  prickly  herb. 
with  milky  latex  and  oblong-obovatc.  spinose-tooihe<l.  nincinate 
basal  leaves  and  with  alternate.  somcwIiaJ  sessile  or  aurictilalc. 
scattered  stem  leaves,  the  apex  and  margin  being  spinose.  Tlie 
flowers  are  pale  yellow  and  occur  in  heads  forming  tenninal  pani- 
cles. The  invohicre  is  cylindrical  and  consists  of  several  series 
of  bracts.  The  flowers  are  all  ligulate  and  the  anthers  are  sagit- 
tate at  the  base.  The  akcnes  are  fla it ish -oblong,  and  the  pappus, 
which  is  raised  on  a  stalk,  is  soft-capillary,  as  in  Taraxacum. 
The  prepared  milk-juice  is  ofliicial  as  Lactucarium  (p.  649). 

Euf'titonitm  pcrfoliatum  (  Honeset  or  Common  thoroughwort) 
is  a  perennial,  branching,  pubescent  herh  (  Fig.  270).  with  oppo- 
site,   connatc-perfoliate.    long- lanceolate,    crenate-serrate    leaves. 
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wliich  are  rugose,  and  pubescent  on  the  umlcr  surface.  The  leaves 
and  flowers  are  official  (p.  625). 

(^Ki.sni^LiA  species. — The  plants  are  perennial,  greenish -yellow, 
resinous  herbs,  sometimes  being  undcr-shrubs,  with  alternate, 
sessile  or  clasping:,  oblong  to  lanceolate,  spinulosc-dentate  leaves, 
and  large,  tcmiinal,  yellowish  heads,  consisting  of  l)oth  ligtilate 
and  tubtilar  flowers.  Tlie  leaves  and  llowerintr  tops  oi  Grindetia 
robusta  and  G.  squarrosa  are  official  (p.  626). 

r^rificron  canadensis  [LcptUoii  ca^\ad^'nsi^)  (Canada  Heabane) 
is  an  annual  or  biennial,  hispid -pubescent  herb  found  growing  in 
fields  and  waste  places  in  nearly  all  parts  of  the  world.  The 
stems  are  simple,  with  immerous  crowded  leaves  and  numerous 
flowers  occurring  in  terminal  panicles.  The  plants  are  sometimes 
branched  and  i  to  3  M.  high.  The  leaves  are  linear,  nearly 
entire,  of  a  pale  green  color,  the  lower  an{!  I)asal  ones  Iwing  spat- 
ulate,  petiolate  and  dentate  or  incised.  The  flowers  arc  white  and 
the  heads  are  cf>mposed  of  both  ligulate  and  tubular  florets,  the 
former  being  pistillate  and  not  longer  than  the  diameter  of  the 
disk.  The  pappus  consists  of  numerous  capillary  bristles  and 
the  involticre.  which  is  campanulate.  consists  of  five  or  six  series 
of  narrow,  erect  bracts.  The  fresh  flowering  herb  contains  0.3 
to  0.4  per  cent,  of  a  volatile  oil  which  is  oflicial,  lannin.  and  a 
small  amount  of  gallic  acid.  Tlit;  oil  is  obtained  by  distillation 
and  consists  chiefly  of  d-liiimnenc. 

The  genus  Rrigenin  includes  a  nnnilier  of  species  which  hive 
mcilicinal  properties.  E.  animus  (Sweet  scabious  or  Daisy  flea- 
bane)  is  a  low.  branching,  annual  herb,  characterized  by  its  linear- 
lanceolate  or  ovate-lanceolate  leaves  and  its  conspicuous  flowers, 
which  resemble  those  of  the  common  daisy,  the  ray-flowers  often 
l)eing  tinged  with  purple  (Fig.  181).  It  contains  a  volatile  oil 
resembling  that  of  Canada  flcabane.  and  tannin.  The  Philadel- 
phia fleabane  (Erixcron  philadct phicus)  is  a  perennial  herb  ^jro- 
ducing  stolons,  and  has  clasping  or  cordate  leaves,  the  basal  being 
spatidate.  and  is  further  <listinguished  by  its  light  pnrplish-red 
ray- flowers. 

.inthcmis  uobilis  (Roman  chamomile")  is  an  annual  or  peren- 
nial, procmnbent,  branched  herb,  with  nunjcrous  2-  to  3-pinnately 
dividefl  leaves,  the  ultimate  segments  being  narrow-linear.    The 
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flowers  occur  in  terminal  Iien<ls  with  long  pe<lunclt:s.  a  conical 
lorus  ami  few  wliilc  pislillale  ray-flowers.  The  flowers  of  culti- 
vateil  plants  arc  oflicial  (p.  554),  Mic  heads  consisringf  mostly  of 
Ululate  llowers,  forming  so-cailed  "  double  flowers,"  as  in  the 
ciiUivate<l  chrysanthenunns. 

Anac\clus  Pyrcthrnm  ( iVllilury  I  is  a  perennial  herb  resem- 
bling .'lit  the  in  is  ttohilis  in  its  (»eiieral  character*.  Tlie  ray-flowers, 
however,  are  wliite  or  purplish,  and  the  pappns  consists  of  a  ring 
or  scale.    'Hie  root  ii^oOicial  (p.  455). 

Matricorux  C  iutntoitnlla  ( ( lennan  chamomile)  is  an  animal. 
diflTusely  branched  herb,  with  pinnately  divided  leaves,  consisting 
of  few,  linear  segments.    The  flowers  arc  ofticial  ( ]>.  55^). 

Arnica  montana  is  a  perennial  herb  with  small  rhizome; 
nearly  simple  stem ;  opposite,  somewhat  connate,  entire,  spat- 
ulate,  hairy  leaves,  and  yellow  flowers  in  large  heads  \vitli  long 
])etluncles.    The  flowers  are  official  (p.  551  J. 

Arctium  Lat^pu  (Burdock)  Is  a  coarse,  branched,  biennial  nr 
perennial  lierb.  with  alternate,  broadly  ovate.  repan<l.  entire, 
lomcntose.  mostl)  cor<late  leaves,  the  basal  ones  being  from  30 
to  45  cm.  long.  The  flowers  are  jnirplish-red  or  wlntc.  tubular 
and  form  rather  large  corymlwse  beads :  the  involucre  cimsisls 
of  numerous  lanceolate,  rigid,  nearly  glabrous  bracts,  which  are 
tipped  with  hookefl.  spreading  bristle.-*.  The  akcncs  are  oblong 
and  S(»nu*what  ,v<'inglt-'<l,  and  the  pappii.*.  consists  of  numerous 
short  bristles  {  Fig.  92).    The  root  is  oflicial  (p.  465). 

The  common  burdock  (Arcliitm  minus]  resembles  A.  Lapfm. 
but  is  a  smaller  plant  and  is  more  conunon  in  the  United  States. 
The  heads  are  smaller  and  the  inner  bracts  are  shorter  than  the 
tubular  flowers,  the  bristles  of  this  scries  being  erect  and  with 
the  outer  spreading. 

Coiciiditfa  o^diiiJlis  (  Marigold)  is  an  annual  herb,  with  alter- 
nate, spatulatc.  oblanceolate.  entire  or  serrate  leaves.  The  flowers 
are  yellow  and  form  solitary  heads,  consisting  of  Iwtli  ray  and 
tubular  florets.  In  the  cultivated  varieties  most  of  the  tubular 
florets  are  changed  to  ligiilate,  the  latter  being  official  (p.  5S5). 

While  the  Compo.sit;c  include  a  large  number  of  genera  and 
s|>ecies.  the  plants  do  not  yield  many  important  drugs,  although  a 
number  are  used  in  medicine  and  for  other  purposes. 
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but  not  the  pleasant  odor  of  llie  plant,  and  consists  uf  d-tliujonc 
(absinihoh,  tluijvl  alcohol  fret!  and  combined  with  acetic,  iso- 
valcrianic  and  |>alntitif  acids,  phellandrent'  antl  cadiiicnc.  The 
other  cunsiitiitnis  ni  the  ilrug  incUiUe  a  bitter  glucusidal  principle, 
ABSiNTtiiiN.  which  fonns  white  prisms  and  yields  on  hydrolysis 
a  vnlaiile  nil;  a  resin;  starch;  tannin;  snccinic  acid,  potassinm 
succinate,  and  about  7  [jcr  cent,  of  ash.  The  plant  is  used  in  the 
preparation  of  the  I"*rench  liquor  known  as  Ausinthe. 

Artemisia  Cinti  furnislies  the  (jflficial  Sanlonica  (p.  350). 

Other  species  nt  Absinthium  als*^*  yield  volatile  oils,  as  the 
Common  .mlgwort  {Artcmiiia  vulgaris),  which  yields  from  o.i 
to  O.J  per  cent.  *>f  an  oil  containiuf^  clneol ;  .  irtcmisia  BarrcHt'ri. 
which  contains  an  oil  consisting  almost  entirely  of  thujone.  and 
said  to  be  nsed  in  the  preparation  of  Algerian  absinthe. 

S-\i->io\\KU  consists  of  ihe  dried  Horets  of  Carthumits  linct- 
oriuJ.  an  annual  herb  which  is  known  onlv  in  cultivation.  Tlic 
florets  are  tubidar.  yellowish-rei!,  the  corolla  tnbe  being  at>out  2 
cm.  long  and  with  5  small,  linear  lobes:  the  stamens  are  exserted. 
The  ovary  willi  the  long,  slender  style  is  usually  not  present  in 
the  drug  (Fig".  2»j6,  C).  Safflower  contains  a  small  percentage 
of  a  yellow  coloring  principle  ( safflower-yellow  I.  which  ts  soluble 
in  water,  and  0.3  to  0.6  per  cent,  of  a  red  coloring  principle  (car- 
thamin  or  carthamic  acid),  which  is  insoluble  in  water  but  soluble 
in  alcohol,  the  snluiion  having  a  purplish-red  color.  A  volatile 
oil  is  alsfi  present.  L'arthamin  is  used  in  conjunction  with  French 
chalk  in  the  pre|>aration  of  a  rouge. 

T.\Nsv  is  the  dried  leaves  and  tops  of  Chrysitnthemum  [Taiia- 
cctum )  vul-itirc  {  Fig.  75  I ,  a  pereimiai  herb  indigenous  to  Europe. 
extensively  cultivated  and  naturalized  in  the  United  States.  The 
leaves  are  large  and  pinnately  divided,  and  the  flowers,  both  tub- 
ular and  Itgulate.  are  yellow,  tlic  heads  being  in  terminal  corymbs. 

The  plant  yields  from  O.I  to  0.3  per  cent,  of  a  volatile  oil, 
consisting  of  thujone.  hnrneol  and  camphor. 

Elkcampank  i/niila  Hclcninmi  is  a  large,  perennial,  densely 
pubescent  herb  with  alternate  leaves  and  large,  solitan,'  terminal 
ficads.  consisting  fif  yellow  tubular  and  ligulate  florets  (Fig.  182). 
'I  he  plant  is  indigenous  to  C'entral  Europe  and  .\sia.  and  nat- 
riralized  in  Xorth  America  from  Cana<la  to  North  Carolina.    The 
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from  belladonna  root  (Fig.  aoo)^  which  has  Ixicn  sometimes  sub- 
stituted for  it,  bv  the  latter  havitig  a  characteristic  cxlor  and  taste 
and  containing  starch  ( p.  463 ) . 

Inula  contains  about  44  per  cent,  of  inulin.  which  on  hydro- 
lysis yields  levulose.  wliich  latter  replaces  inulin  in  the  roots  gath- 
ered in  spring.  From  1  to  2  per  cent,  of  a  crystalline  substance 
is  obtaint-'d  b\  distillation  with  water,  which  consists  of  a  color- 
less, crystalline  principle,  alantulactone.  that  is  insoluble  in  sodium 
carbonate  solution,  an<l  alanlolic  acid,  which  crystallizes  in  fine 
nee<lles.  is  soluble  in  sodium  carbonate  solution  and  is  largely 
decomposed  on  heating  with  water.  The  drug  also  contains  helc- 
nin.  which  crystallizes  in  4-sided  jjrisms  and  is  nol  affected  by 
onlinary  reagents;  and  alantol.  a  yellowish  liquid  isomeric  with 
common  camphor  and  apparently  occurring  only  in  the  fresh  root. 

The  root  of  Poiymnui  I'vedaiui.  a  plant  closely  related  to 
Inula,  but  indigenous  to  the  United  States  east  of  the  Mississippi, 
contains  a  volatile  oil,  a  glucoside,  tannin,  and  a  resinous  sub- 
stance consisting  of  two  resins,  one  of  which  is  pale  yellow  and 
soft,  the  other  dark  brown  and  hanl. 

The  following  Composite,  while  not  of  very  great  Importance. 
are  used  in  some  locfilities: 

Yarrow  {Achillea  MUUfoHuvi )  is  a  common  weed  naturalized 
from  Europe  and  Asia,  and  contains  about  o.i  per  cent,  of  a  dark 
blue  volatile  oil  with  a  strongly  aromatic  odor  and  a  small  amount 
of  a  bitter  alkaloid,  achillL'inc.  The  rcx>ts  of  yarrow,  on  the  other 
hand,  yield  a  volatile  oil  with  a  valerian-like  odor.  AchiUett 
nobilis  of  Europe  contains  an  oil  resembling  that  of  yarrow,  but 
it  is  of  finer  quality  and  has  a  spice-like  taste.  Achillea  moschata, 
an  alpine  plant  of  Euro^K'.  yiekls  thrre  alkaloids  and  a  volatile 
oil  containing  cineol.  and  is  used  in  Italy  in  the  preparation  of 
the  liquor,  "  Esprit  d'  Iva."  Achillea  tanacctifohit  yields  a  blue 
volatile  oil  having  the  wlor  nf  tansy. 

The  Hum  (Ioi.of.n-rou  {Solidaji^o  canadensis)  yields  0.63  per 
cent,  of  a  volatile  oil.  consisting  chiefly  of  pinene,  with  some  phel- 
landrene  and  dipentenc,  and  containing  about  Q  per  cent,  of 
l)omeol,  3  per  cent,  of  bomyl  acetate  and  some  cadinene.  The 
True  or  AMSK-sciiNTKn  Goldkn-kou  {SoUdago  odorala)  yields 
an  aromatic  volatile  oil  and  a  small  amount  of  tannin. 
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The  rhizome  of  the  large  Itutton-snakeroot  {Lacinaria  scari- 
oia),  growing  in  the  eastern  and  central  portion  of  the  United 
States  and  Canada,  contains  o.i  per  cent,  of  volatile  oil.  abont  5 
per  cent,  of  resin,  and  2  i>er  cent,  of  a  caoutchouc- like  substance. 

Coltsfoot  ( Tussilaj^o  Parfara)  is  a  plant '  indigenous  to 
Europe  and  naturalized  in  the  Northern  Lniled  Stales  and  Can- 
ada. It  is  an  acaulesccnt  herb  witli  a  slender  rhizome  30  lo  40 
cm.  long ;  iiearlv  orbicular,  somewhat  loK-d  and  tomentosc  leaves, 
and  large,  solitary,  yellow  llowers  appearing  Ivforc  the  leaves. 
*i'hc  plant  contains  an  acrid  volatile  ^lil,  a  hitter  glucoside,  resin 
and  tannin. 

EcHi.NACEA  is  ihc  root  of  Brauucria  [Rttdbeckia)  ffttrfurca. 
a  plant  growing  in  rich  soil  from  Virginia  to  Illinois  and  sonth- 
ward,  and  of  B.  paUida.  growing  from  the  Northwest  Territory 
lo  Texas.  It  occurs  In  pieces  from  5  to  10  a»i.  long  and  5  to  15 
mm.  in  diameter;  it  is  grayish-brown  or  reddl»h-brown  exter- 
nally, longitudinally  wrinkled,  sometimes  spirally  twisted;  the 
fracture  is  short,  the  fractured  surface  exhibiting  a  mimlMT  of 
resin  cells  and  a  greenish-yellow  wood.  The  odor  is  <listincl 
and  ihe  taste  is  aromatic,  acrJd  and  pungent.  Tile  drug  contains 
an  alkaloid  and  0.5  to  1  per  cent,  of  an  acrid  resinous  substance 
to  wliich  the  medical  properties  are  due. 

Rosi  N'  Wekp  or  Com  pass  Pi-ant  ( Silphium  laciniutum ) , 
found  growing  from  Ohio  to  South  Dakota  and  south  to  Texas, 
produces  an  oleo-resin  which  cxu<les  citlivr  siXHitancousIy  or  from 
the  punctures  of  insects,  and  contains  atmut  19  per  cent,  of  vola- 
tile oil.  and  37  ]3er  cent,  of  acid  resin. 

The  Thistlh  (Ciiinis  benedictus)  contains  a  crystalline  bitter 
principle,  cnicin,  which  is  colored  red  with  sulphuric  acid. 

The  Mexican  drug  pipitzaho.ac  is  the  rhizome  of  Perczia 
IVrigtuii.  P.  tiatta  and  P.  adnata,  plants  found  in  Southwestern 
Texas  and  Mexico,  It  contains  alx)ut  3.6  per  cent,  of  a  golden- 
yellow  crystalline  principle,  pipitzahoic  acid,  which  appears  to  be 
related  to  oxythymo(|uinone  and  is  colored  an  intense  purple  with 
alkalies  and  alkaline  earths. 

Lion's  foot,  the  root  of  Xahalus  Serpcntaria,  N.  alba  and 
other  species  of  Nal)alus  growing  in  the  United  States,  contains 
bitter  principles,  resin  and  tannin.     Mio  Mio  {Bacchans  cordi' 
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folia),  of  South  America,  is  ixiisonous  to  slicep  and  cattle  and 
contains  an  alkaloid,  baccharinc.  and  a  bitter  principle.  SriNY 
cuiTBLik  (Xanthium  sffinosmn)  contains  a  bitter  res-in  and  possi- 
bly a  volatile  alkaloid.  The  fruit  of  Xanthium  stritmariutn,  a 
cominon  weed  naturalized  from  Europe,  contains  an  amorphous, 
non-ghicosidal  substance,  xanthostruniarin.  which  forms  precip- 
itates with  a  nimil>cr  of  the  alkaloidal  reagents.  Snek/.e-weeij 
{Hekmum  aittumnaU)  contains  a  volatile  oil.  a  bitter  glucoside 
and  tannin.  Hcienium  tcuuifolium,  of  the  Southern  I'nited  States, 
is  a  narcotic  poison.  I*ar.\  ckkss  {Sffilautht's  olcracca},  of  trop- 
ica) America,  contains  a  soft  pungent  resin  and  a  crystallizable 
principle,  spilanthin.  The  common  white  daisy  iChrysatttbcmum 
Li'iicanthcmtim)  yields  about  0.15  per  cent,  of  a  greenish  volatile 
oil  with  the  odor  of  chamomile  and  mint. 

Chr'okv.  the  root  of  Cichoritint  Ititybus,  a  perennial  herb 
with  blue  ligulate  llorets,  indigenous  to  and  cultivated  in  Europe 
and  naturalized  in  certain  localities  in  the  United  States,  is  used 
in  medicine  as  well  as  in  the  jireparation  of  a  cofTee  substitute. 
The  root  is  spindle-shaped,  somewhat  resembling  Taraxacum,  but 
is  of  a  light  brown  color  and  the  laticiferous  vessels  are  arranged 
in  radial  rows  in  the  somewhat  thinner  bark.  It  contains  a  bitter 
principle  and  a  large  amount  of  inulin.  In  the  preparation  of  a 
ct)fTee  substitute  the  root  is  cut  into  rather  large,  c([ual  pieces  and 
roasted,  after  wliich  it  is  ground  to  a  ycllowish-bro^vn.  coarse 
powder.  The  grains  are  heavier  tlian  water,  imparting  to  it  a  yel- 
lowish-brown color.  Under  the  microscope  it  is  distinguished  by 
the  Iiranching  lalex-tnlies  and  rather  .«hnrt.  oblique  trachex  with 
rather  large,  simple  pores. 

Tlie  SvNruciWKnil-Uliaitthtts  aunitus)  is  an  annual  herb  indig- 
enous 10  tropical  .America  and  e.xtensively  cultivated.  The  plant 
is  grown  on  a  large  scale  in  Russia.  Hungary.  Italy  and  India  for 
its  fruits,  which  yield  a  fixed  oil  resembling  that  of  cotton  seed. 
The  akcnes  (sf»-called  seeds)  are  ohovate.  flatlened.  externally 
black  or  with  alternate  white  and  black  stripes,  the  pappus  con- 
sisting of  two  deciduous,  chaflfy  scales.  Sunflower  seetl-cake  is 
readily  distinguishe<l  hy  a  few  of  the  fragitients  of  the  epicarp. 
with  the  characteristic  twin,  unicellular,  non-glandular  hairs  and 
lar^c,  oblique,  but  rather  short,  sclerenchymatous  fibers.    Resides 
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40  )>er  cent,  of  a  fixed  oil,  the  seeds  cuntain  a  peculiar  f^lucosulal 
tannin.  Iiclianihic  acid,  which  is  colored  deep  green  witli  ferric 
chloride  anti  yellow  with  alkahes.  The  root  contains  iniilin ;  the 
shoot  asparagin,  and  the  fresh  pith  abont  1.5  per  cent,  of  potas- 
sinni  niiraif.  The  latter  has  Ix'cn  used  in  the  preparation  of 
MoxA.  a  combustible  vegetable  material  which  burns  without  fus- 
ing and  is  used  by  the  Portuguese  to  ilestroy  any  deep-seated 
inflammation.  The  pith  of  various  species  of  Artemisia,  which 
also  contains  considerable  potassium  nitrate,  furnishes  the  Oiinese 
Moxa. 

jKRUSALtM  Akticiiiike  { Hefiiiitthus  tubcrosus)  is  a  large, 
coarse,  pubescent  herb  with  yellow  ray-llorets,  which  is  in<ligeiious 
to  the  Middle  I'mted  States  and  sometimes  cuUivaleil.  The 
inlxTS,  which  resemble  artichokes,  are  more  or  less  elongated  or 
|)car-shaped.  reddish-brown,  somewhat  anntdate.  and  internally 
white  or  reddish.  They  have  been  nsed  as  a  substitute  for  |iota- 
toes  and  contain  about  16  per  cent,  of  the  following  carlir)hydrates; 
Inulin.  pseudo-inulin.  inulenin.  saccharose,  helianthenin,  ami 
synantherin.  In  early  spring  with  the  development  of  the  tubers 
there  is  formed  a  small  (|uanlity  of  dextrose  and  levulose. 

The  Globe  artichi>ke  of  the  gardens  (Cytiara  Scolymus)  is  a 
hardy  perennial  and  is  valued  on  account  of  the  fleshy  involucral 
scales  and  torus,  wliich  arc  edible. 

The  POU,EN  of  a  number  of  plants  of  the  Compositse.  as  rag- 
weed (.\mbrosia).  goldenrod  (Solidago).  aster  and  chrysanthe- 
mum, is  said  to  be  res(K>nsible  for  the  autunmal  cold,  known  as 
HAY  FENER.  A  similar  disease  is  produced  in  spring  and  early 
summer  by  Ihe  pollen  of  certain  grasses.  It  has  been  found  that 
the  pollen  grains  of  these  plants  contain  a  highly  toxic  sul>stance. 
belonging  to  the  toxalbuinins,  whicli  is  the  cause  of  the  disease. 
By  inoculation  of  rabbits,  goats  and  horses  with  this  toxalbumin 
a  scnim  containing  an  antitoxin  is  obtained  which  neutralizes  the 
pollen  toxin  and  protects  those  who  are  susceptible  to  bay  fever 
from  its  attacks.  In  practice  the  scrum  is  prepared  by  injecting 
the  toxalbumin  subcutaneously  into  horses,  the  serum  being  known 
in  commerce  as  i-oulantin. 


CHAPTER  V. 
CULTIVATION  OF  MEDICINAL  PLANTS 

Therk  is  a  j^Towing  scarcity  of  many  of  tlie  native  medicinal 
plants  in  Uie  L'niteii  States,  due  lx>th  to  the  (Icstructinn  of  the 
woodlands  where  they  grow  an<l  to  the  direct  extermination  of  the 
plants  themselves  by  druff  collectors,  and  it  seems  not  improhable 
that  if  the  collecting  of  vegetable  drugs  continues  at  the  present 
rate  it  will  not  be  many  years  before  a  number  of  the  most  impor- 
tant drug-yielding  plants  will  )k  cxtenninated.  unless  some  meas- 
ures are  taken  to  conserve  them  in  their  native  localities  or  to  prop- 
agate them  by  cultivation.  There  seems,  however,  to  be  little  chance 
for  their  consenation  unless  by  cultivation,  for  already  the 
<lemaiid  is  far  greater  than  the  supply  and  in  some  cases  the 
drugs  are  scarcely  to  be  had  at  all.  Of  the  important  medicinal 
plants  which  are  becoming  markedly  limited  in  their  area  of 
growth  may  be  mentioned  those  yielding  the  drugs  serpeniaria. 
senega,  cypripe<liuin,  Hydrastis,  spigelia  and  cascara  sagrada. 

Not  only  is  there  a  necessity  for  the  cultivation  of  me<hcinal 
plants  on  account  of  the  scarcity  of  the  drugs  yielded  by  them, 
but  experiment  has  shown  that  in  some  instances  the  drug  has 
been  improved  h}-  giving  attention  to  cultural  conditions.  Tlie 
jKissibilities  of  \vhat  can  Ix*  done  in  this  direction  are  shown  tn 
the  case  of  coca  and  cinchona,  where  by  selection  and  cultivalion 
the  plants  have  not  only  been  conserved  but  the  yield  of  the 
ntetlicinal  prcxlucts  has  been  greatly  increased.  It  is  true  also 
that  verj'  many  of  our  economic  plants  have  Iieen  improved  by 
selection  and  cultivation,  as  corn,  wheat,  pi:)tatocs.  fnnts  of 
various  kinds,  and  there  is  rea-son  to  bdiL-vt-  that  like  results 
would  follow  the  cultivation  of  medicinal  plants.  The  fact  .sbouM 
not,  however,  be  overlooked  that  in  some  instances  the  wild  plants, 
as  those  of  the  solanaceons-dmg  group,  an*  saiil  (o  give  a  better 
yield  of  the  active  principles  than  the  cultivated  ones;  but  this 
would  probably  not  result  if  the  nature  of  (lip  plants  were  better 
iniderstoo<l  and  the  methods  of  cultivation  improved  accordingly. 
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It  is  well  known  that  when  growth  is  very  rapid  the  plant  will 
produce  few  or  no  llowers,  wherras  if  jfrowth  is  slower  the  pro- 
duction of  flowers  and  seed  will  be  increased.  So  in  the  case  of 
sonic  of  the  medicinal  plants  it  is  prnbahlc  tliat  the  yield  of  active 
principles  would  lie  less  in  a  very  vigorous  plant  than  in  one  less 
thrifty.  The  conditions  must,  therefore,  be  studied  in  relation 
to  the  object  to  Ijc  attained. 

In  undertaking  die  cultivation  of  native  medicinal  plants  they 
should  6rsl  Ixr  studied  in  their  natural  surroundings  until  a 
knowledge  is  gained  of  the  peailiar  re<iuirements  and  habits  of 
each,  including  the  coniix>silion  and  physical  condition  of  the 
soil,  the  climatic  conditions,  their  relation  to  other  plants,  etc. 
It  should  at  the  same  time  be  bonie  in  mind  tliat  most  plants 
can  in  time  adapt  themselves  to  surroundings  differing  from 
those  of  their  original  habitat.  Still,  notwithstanding  this  gen- 
eral law  of  adaptation,  in  order  to  be  sure  of  results  we  nmst 
take  into  consideration  the  partiatlar  conditions  under  which  a 
given  species  will  thrive  best,  or  yield  the  largest  percentage  of 
active  principles.  For  example,  some  plants  apjiear  to  prefer  a 
dry  soil,  as  Sassafras  ofHcinatc;  otliers,  a  damp  location,  as  I'cra- 
trum  itridc:  some,  a  rich  soil,  as  Asarum  canadcnsc.  while  still 
others  grow  in  waste  places  and  on  ballast,  as  Matricaria  Chamo- 
tnilla.  Some  prefer  shade,  as  Arisama  triphyUum,  and  others  ex- 
IK»sure  to  direct  sunlight,  as  Datura  Stramonium.  Among  the 
other  factors  which  must  also  be  taken  into  consideration  is  tliat 
of  altitude,  <>onic  plants  appearing  to  thrive  best  high  up  on  hills 
and  mountains,  while  others  arc  found  in  the  lowlands  and 
marshes.  The  question  of  latiitide  must  also  be  considered  owing 
to  the  extremes  in  our  country  in  this  particular.  * 

PROPAGATION'.— The  methods  of  propagation  used  in  the 
ndtivatiun  of  other  useful  plants  apply  also  to  medicinal  plants. 
These  include  propagation  from  seeds,  from  cuttings,  and  from 
grafts.  A  cifTTiNT.  is  a  severed  portion  of  a  plant  having  one  or 
more  nodes  or  buds.  A  grait  is  a  severetl  twig  or  branch  whicli 
is  emlxMhled  in  a  branch  of  another  plant  in  such  a  way  that  the 
cambiums  or  growing  regions  of  the  two  branches  are  brought 
into  such  intimate  contact  that  they  fuse  or  grow  together.  This 
method  is  largely  followed  in  fruit  culture,  the  branch  of  a  more 
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ilesirabic  fruit  tree  being  freqiicntl)  cngratled  on  one  which  [iro- 
Ouces  an  inferior  graile  of  fruit ;  Ix-sides,  ihc  process  consumes 
much  less  time  than  would  be  required  for  a  fniii-bcaring  tree 
to  develop  from  see<l. 

Must  annuals  and  biennials  are  propagated  from  seeds.  Con* 
siderable  care  is  necessary  in  the  buying  of  seeds  in  order  to 
obtain  those  that  will  germinate  anci  arc  true  to  name.  Fre- 
quently  some  of  the  seeds  are  immature,  and  in  some  cases  many 
of  them  are  sterile,  as  those  of  Eucalyptus  ( Fig.  258.  //).  This 
latter  fact  may  explain  why  it  is  so  difficult  to  grow  the  eucalypts 
from  sceiU.  In  some  instances  the  sce<ls  may  be  sown  where 
the  plants  are  to  be  grown,  but  probably  in  most  cases  it  wovtM 
be  better  to  germinate  them  under  glass  or  in  seed  boxes  and 
then  transplant  the  young  plants  when  the  conditions  are  most 
favorable.  It  may  be  pointed  out  that  there  is  much  variation 
in  seeds  in  regard  to  the  length  of  time  re<iuirc<l  for  gennination. 
This  applies  not  only  to  seeds  of  different  species,  hut  even  to 
seeds  of  the  same  plant.  With  many  plants,  as  com,  wheat,  beet 
and  others,  it  has  been  found  that  by  selecting  the  l>est  seeds  or 
those  produced  by  plants  having  some  specially  desirable  quality. 
as  a  large  percentage  of  oils,  proteins,  or  sugar,  and  repeating  the 
selection  from  year  to  year,  decided  improvements  have  been 
brought  about  and  maintained.  It  is  refxirted  that  in  the  cinchona 
plantations  in  Java  methods  of  selection  have  largely  superseded 
the  system  of  "'  mossing'*  <p.  518)  for  increasing  the  alkalnida! 
percentage. 

Cuttings  are  extensively  employed  in  the  propagation  of 
plants,  particularly  by  florists.  They  are  flerived  cither  from 
over-ground  shoots,  as  in  carnation,  rose,  geranium  and  colcus. 
or,  where  the  plant  produces  root-slocks  or  rhizomes,  they  are 
made  from  these  rather  than  from  the  over-ground  shoots.  Not 
all  plants  ran  be  propagated  equally  well  from  cuttings.  Some 
plants  are  readily  proj)agated  in  this  way,  as  the  willows,  the 
twigs  of  which  when  they  fall  off  or  are  broken  ofT  frequently 
take  root  in  ihir  moist  soil.  Other  plants.  like  the  oak,  are  very 
difHcuIt  to  grow  from  cuttings.  In  propagating  plants  from  rhi- 
zomes the  latter  arc  cut  into  pieces,  each  of  which  has  one  or  two 
buds,  and  these  pieces  are  planted.    Among  the  medicinal  plants 


4o6 


BOTAXV  AND  PHAR.MACOGNOSY. 


which  have  been  grown  from  ciittiitf^s  of  rhizmnes  are  liooricc 
and  Ringer,  but  it  is  likely  that  all  plants  which  produce  rhizomes 
can  br  reailily  proi)agatcfI  from  cwttings.  CiUtings.  of  ovcr- 
i;riHni<I  sicnis  are  ina<le  from  the  growing  parts  of  branches, 
anrl  it  is  necessan.-  to  have  theni  of  such  a  length  that  al  least  one 
node  may  In*  placed  in  the  s^ail.  These  arc  at  first  planted  in 
niicaccoiis  soil  or  river  sand,  which  shuuld  he  kept  well  moistened. 
It  is  desirable  that  tlie  leaves  t>e  as  few  as  possible,  so  as  to  reduce 
the  iranspirin)*  surface  until  the  \nnng  nwits  have  Ijeen  formed, 
wiiicli  may  take  several  weeks  or  several  months.  L'sually  the 
lower  leaves  should  be  cut  off  entirely,  while  the  others  may  be 
partially  irinuned.  The  cuttings  shoidd  also  Ix-  protecteil  from 
.strung  light,  as  this  tends  to  increase  transpiration,  and  also 
against  a  dry  atmosphere,  which  may  Ix;  accomplished  by  cover- 
ing (hem  with  glass,  particularly  during  the  day,  when  the 
weather  is  dry.  Cuttings  of  har<l  wood  plants  intendetl  for  out- 
door culture  should  he  made  in  the  fall.  They  should  Ik'  6  or  8 
inches  in  length,  kept  covered  with  sand  in  a  suitable  place  during 
ihc  winter,  and  planted  in  the  spring. 

One  of  the  methods  for  prwlncing  new  varieties  is  by  hybrid- 
ization, or  croiis-poHination.  of  different  relatctl  species  or  varie- 
ties. The  olfspring  is  known  as  a  iivima>.  and  has  a  blemling  of 
the  (|ualitics  or  characters  of  the  two  |)arenl  plants.  This  methtxl 
is  mostly  emfdoyed  by  florists  who  desire  to  produce  some  new 
or  striking  flower,  or  by  horticulturists  who  desire  to  establish 
some  new  quality  or  transfer  a  desirable  c|uality  from  a  foreign 
plant  lo  one  which  is  adapted  lo  a  given  locality.  The  method 
has  not  been  largely  employe*!  in  the  cuhivation  nf  medicinal 
plants,  except  in  the  case  of  cinchona,  where  it  is  claimed  that  the 
harks  richest  in  alkaloids  are  the  direct  result  of  hybriilization 
and  selection.  Uy  transplanting  an<l  special  methods  of  treatment, 
as  that  of  mossing,  the  alkaloidal  percentage  has  been  increased 
from  8  per  cent,  to  lo.  whereas  by  h\bridization  the  amount  of 
loUil  alkaloid-s  has  reached  as  high  as  16  per  cent.,  about  three- 
fourths  being  quinine. 

THE  COLLECTIOX.  CURING  AND  YIRLD  OF  DRUGS. 
On  page  418  are  given  some  general  rules  for  the  collection  of 
vegetable  drugs,  and  attention  is  directe<l  to  the  importance  of 


CULTIVATIOX  OF  MEDICINAL  PLANTS.       407 


properly  drying  them  and  preparing  them  for  the  market.  \\  lu-n 
not  only  the  nature  of  the  plant  Init  the  diversity  of  the  consiit- 
ncnts  of  vcjictable  drugs  is  taken  Into  consideration,  it  will  l»e  seen 
that  thi*  aillection  and  preparation  of  them  for  the  market  is  really 
a  fine  art,  rcqiiiring  extended  knowledge  and  experience,  and  a 
keen  appreciation  of  the  difference  in  quality  (hic  to  factors  of 
this  kind.  The  large  cnide-drug  coUeciors  give  instruction  to 
their  employes  as  to  the  mcthotis  to  he  followwl  in  the  prcparalion 
of  the  drug,  this  knowledge  having  hcon  acquired  as  the  result  of 
years  of  experience.  We  are  apt  to  think  that  the  only  drugs  that 
require  particular  care  arc  those  like  tobacco,  vanitla  and  gentian, 
in  which  in  addition  to  drying  there  is  a  curing  process  that  takes 
place;  but  this  is  true  also  of  digitalis,  the  st>lanaccuus  leaves  and 
many  of  ihc  other  iniiwrtant  drugs.  While  the  quality  tlius 
acquired,  like  that  of  lea.s  and  wines,  etc..  cainiot  readily  be  deter- 
mined by  any  assay  process,  the  therapeutist  is  able  to  detect  the 
difference  Iwtween  the  drug  that  has  l)ecn  carefully  collected  and 
prepared  ami  the  one  that  has  been  carelessly  handled. 

It  has  already  been  {Kiinted  out  that  plains  consist  in  large 
proportion  of  water,  and  when  they  are  collected  and  dried  there 
is  necessarily  considerable  loss.  The  loss  is  greater  in  the  case 
of  herbaceous  plants,  where  the  >icld  of  crude  drug  is  only  about 
10  per  cent.,  as  in  eupatorium  and  stramonium.  Roots  and  rhi- 
zomes yield  on  an  average  from  20  to  30  per  cent,  of  dried  drug- 
In  some  cases,  as  in  hops,  the  yield  of  dried  drug  is  over  60  per 
cent.,  and  in  fruits  and  seeds  there  is  verv  tittle  loss. 

CULTUATED  MEDICI XAL  PLANTS.— Of  the  strictly 
me<licinal  plants  which  are  under  successful  cultivation  in  the 
United  States  attention  may  be  called  to  the  following:  Mcttfha 
[piperita.  Crocus  sativus.  Digitalis  f>url*urea,  Atrof^a  Bi'llndottna, 
Coiiiitm  mavuhUiim,  Matricaria  Chamoniilla,  Calendula  officinalis, 
I'aicriana  officinalis.  Inula  Hclcninm.  Kidnvs  communis,  Panax 
quiuquefolium,  and  Urtica  tirctis.  In  adilition,  a  numlicr  of 
medicinal  plants  arc  cultivated  as  garden  herbs  for  domestic  use, 
some  of  them  since  colonial  times,  as  anise,  balm,  sweet  basil, 
l)cne.  boncset,  borage.  cara\iay,  catnip,  coltsfoot,  coriander,  cumin, 
dill,  sweet  fennel,  hoarhonnd.  lavender,  pennyroyal,  rosemary, 
rue.  sage,  summer  and  winter  savory,  sweet  marjoram,  symphy- 
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mm,  laiisv.  tarragon,  thyme,  and  wormwood.  A  numt>er  of  other 
plants  have  been  successfully  grown  in  an  experimental  way,  as 
Glycyrrhhti  }^Uihra.  Hyoscyamus  nigcr,  Papiricr  somnifcrum. 
Cinitamoniuin  Camphora,  Citrulhts  Colocynthis.  Capsicum  fastigi- 
aium.  Datura  Tatula,  Scopolia  Carniolica,  Cassia  angusiifoHa, 
Convalhria  niajaiis.  Anacyclus  Pyrcthrum.  Chrysanthemum  ciii- 
crariifoUum.  Aristolochia  Scrpcnturia,  and  Althica  ofHcinalis. 

CULTIX'ATEU  ECONOMIC  I'LANTS  WHICH  ARE 
ALSO  OK  .MEDICINAL  VALCE.— Several  hundred  of  the 
plants  ciiltivatetl  in  the  L'nitc<l  States  cither  for  the  food  products 
which  they  yield  or  for  ornamental  or  other  purposes,  arc  more  or 
less  esteemed  for  their  meflicinal  properties.  To  this  class  belong" 
the  following  plants,  Iwth  the  name  of  the  drug,  or  the  part  of  the 
plant  used  in  medicine,  and  the  botanical  name  of  tlie  plant  being 
given.  The  name  of  the  drug  is  sometimes  synonymous  with  the 
common  name  of  the  plant. 

Decidl'ol's  anp  Ei'ERGREEN  Trees. — The  buckeye  or  Amer- 
ican liurse-cheslntit  (.-E^riiyHj  j^labra)  \  the  European  horse- 
chestnut  (^JEsculus  Hippocastannm) ;  tree  of  heaven  {Ailanthus 
glanduiosa)  \  black  birch  bark  [Betula  lenta) ;  chestnut  {Castatiea 
dentata);  Judas  tree  {Cercis  canadensis);  orange  and  lemon 
(Citrus  species);  dogwoo«l  iCornus  Honda);  persimmon  hark 
{Diospyros  7'irgimana) ;  eucalyptus  {Eucalyptus  Globulus)  ;  red 
gimi  iPucalyplus  rostrata)  ;  American  or  white  ash  hark  {Prax- 
inus  americana);  black  ash  hark  {Praxittus  nigra);  butternut 
{Suglans  cincrea) :  black  wahiut  {Juglans  nigra)  ;  Juniper  (lum- 
pcrus  communis)  ;  savine  ( Junipcrus  Sabina) ;  tamarac  bark  or 
American  larch  {Larix  atucricana):  spice  bush  or  fever  bush 
{Lindera  Bcncain)  :  sweet  gum  bark  {Liquidamhar  StyracifJua) ; 
Inlip  tree  bark  (  Liriodendron  Tulipifcra)  ;  sweet  hay  or  niagnulia 
I)ark  (Magnolia  glauca);  pride  of  China  (Afclia  Azcdarach)  ; 
ironwood  (Ostrya  7.irginiana)  :  white  pine  (Pinus  Strobus)  :  bal- 
sam poplar  (Populus  candicans) ;  white  poplar  (Populus  ircnt- 
iiloidi's) ;  wild  cherry  (Prunus  serotina) ;  hop  tree  or  wafer  ash 
(Ptelea  trifoliata)  ;  mountain  ash  (Sorbus  americana) ;  apple  tree 
bark  ( Pyrus  Malus)  :  white  oak  bark  {Quercus  alba);  red  oak 
bark  { Quercus  rubra) ;  black  oak  bark  (Quercus  velutina ) ;  white 
willow  {Salix  alba) ;  black  willow  [Salix  nigra) ;  sassafras  (Sas- 
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safras  ofHcinaU) ;  hemlock  spruct  {Tsuga  catmdcttsis)  ;  elm  bark 
( Llmus  ftilva) ;  prickly  ash  ( Xanthoxylum  amcncamou ) . 

DECitifOVS  antl  Kvi:k<;REKN  Siiiarts.— Swamp-,  busli-  or  lag- 
alder  {Alnus  scrruialu)  ;  barberry  bark  {Birbi'tis  zul^aris) ;  box- 
wood (Buxus  scmperx'iretts) ;  Jersey  tea  {^CcoHOthiis  amcri- 
canus) ;  fringe  irec  (Chiotianthiis  fir^^inica)  ;  sweet  fern  {Comfi- 
tonia  ffcrc^rinii)  :  red  osier  bark  yContus  slohnifcra) :  English 
liawthom  {Cratargus  uxyticantha)  ;  mczereum  {Daphne  Mezc- 
rcum) ;  American  burning  bush  or  wahoo  [EuonymHS  atropur- 
pnreus)  ;  brfKim  tops  {^iSytisus  Scoparius)  ;  witchhazel  (Hamam- 
eiis  virginiana) ;  hy<lrangca  (Hydrangea  arborescens) ;  black 
alder  ( Uex  vcrtkiUata ) ;  monntain  laurel  ( Kalmia  latifolia ) : 
sweet  bay  (Laurus  ttobtlis);  wax  myrtle  or  bayl)crry  {Myrica 
ccrifcra) ;  peach  {Amy^daius  pcrsica) :  buckthorn  berries  ( RUam- 
nus  cnthartica)  \  buckthorn  bark  {Rhammis  Pran^uku  \  cascara 
sagrada  {Rhamnus  Purshiatia)  ;  sumac  {Rhus  ^iahrg):  rose 
flowers  ( Rosa  gallica  and  Rosa  centifolia ) ;  rosemary  ( Rosmar- 
inus offichtatis) ;  elder  flowers  and  bark  (Sambtiiiis  canadensis) '. 
European  elder  {^Sawbueus  ni^ro);  hardback  {Spircca  tomen- 
tosa) ;  common  arbor  vitae  {Thuja  occtdentalis) ;  cramp  l>ark 
{i'ibuntum  opuhts)  ;  black  haw   {Fiburnum  prunifolium). 

Twining  ani>  Climhinc.  Plants. — .\iiierican  ivy  or  Virginia 
creeper  {Parthenocissus  quinque folia) ;  staflf  vine  or  false  l>itter- 
swcct  {Cclastrus  scandens)  ;  Carolina  jasmine  (Gclscmium  sem- 
pen-ircns)  ;  hops  (Pluutnlus  Lupulus):  yellow  |>arina  or  moon- 
sce<I  (Menispermnm  eanadensc)  ;  passion-flower  {PassiHout 
incarnata)  ;  bittersweet  ySoiamtm  Dulcamara). 

Herbaceous  I'ekennials. — Yarrow  {Achillea  Millefolium)', 
aconite  {Aconitufn  Xapelfus) ;  sweet  flag  (Acorus  Calamus); 
star  grass  (Aletris  farinosa)  :  garlic  (Allium  sathum)  :  holly- 
hock {Altheca  rosea)  \  Pulsatilla  {Auemotxe  species);  chamomile 
{Anthemis  nobUis) ;  pleurisy  root  (Asclepias  tuberosa)  ;  wild 
indigo  (Baptisia  tiuctoria) :  wofid  l>etony  (Bctotiica  oMcinalis) : 
American  senna  (Cassia  marilatidica)  :  hclonias  or  blazing  star 
{Chamarlirium  luteum) :  black  snake  root  {Cimieifuga  raeemosa) : 
bitter  apple  (Cifrullus  Colocytithis)  ;  lily-of-the-valley  (Cotnal- 
laria  ntajalis);  foxglove  {Digitalis  purpurea):  echinacea  (Echi- 
nacea angustifolia) ;  water  eryngo  (Eryngium  aquaticum) ;  fennel 


410 


BOTA.VY  AXl)  I'HAUMACOGXOSV. 


{Ftrniculuin  %'Ht^arc\ ;  crancshill  {Vcraniiim  mactilatutit } ;  [iidian 
physic  (CiV/tViw  Injolhta);  blazing  star  {Lacittario  sf>Uata)', 
ground  ivy  [CIccoma  hcdcracco)  \  liverwort  {Ilcpatica  triloba); 
lavender  {Lazaniliila  it r«  t  :  pciipcmiint  {Mcntiio  ptf^crita); 
peony  {Pctonia  ofHvinalis ) :  ginsenit;  ( Panax  qtiinqucfoliutu ) ; 
anise  {Pimpittclla  .tnisum)  :  solonii:>n's  seal  iPolyi^otmtum 
biAorum);  abscess  root  iPolcmoinum  rcfftans);  Ihtnihleweed 
{Rudbcckta  lacimata);  East  Tennessee  pink  root  (Hucllia  cUi- 
osa):  rue  {Kuta  jira^rolcns)  ;  sage  [Sttk-ia  uffkitMlis)  :  rosin- 
weed  or  compass  plant  (SHphiuin  hiciuiatnm)  \  garden  thyme 
{Thymus  Vitigans) :  blood  root  {San}iititiana  catiaiicnsis) :  com- 
frey  (  Symf>hytmtt  offxcinate ) :  beth-riHJt  (  TrUUtnu  crectum ) ; 
white  and  re<l  stpiill  (Urj^itica  mariltma  an<I  its  varieties). 

Till'.  Cacii. — Night-blooming  cereiis  (CVrci/j  ^i^randiflorus) : 
and  niescale    \  I.opltnffhora  i.CTviitU). 

An.vlai>. —  I>ro<im  corn  seed  (Andropo^on  arundinaccus 
z'ulgarc) ;  hemp  {Cannabis  satiza)  :  cayenne  |>epper  iCaffsicnm 
fastigiatum )  :e<>mm<in  or  garden  parsley  ( Petroseliuum  sath'um  ) : 
caraway  {Carutu  Carv'i);  coriander  {Coriandntm  ju/k-hwi  » ; 
watermelon  {CitruUiis  rufgaris)  :  pumpkin  iCucurbita  Pepo); 
larkspur  see<l  (  Dvlphimum  ConsoUdn  ) ;  cotton  (  Gossyf*ium  sjw- 
cies)  henbane  ( Ifynscyainns  nfgcr) ;  lactiicarium  t  Lacfnca  7'irosa 
and  other  species  of  Lactuca)\  garden  marigold  [Calendula 
officinalis)  ;  tobacco  (Nicotiattn  Tabacum  \  :  sweet  ba^il  {Ocimnm 
Basilicum )  :  sweet  marjoram  {Onganum  Miijorana)  :  poiipy 
{Papixi'cr  somnifcrum)  ;  horseradish  {Roripa  Armoracia)  :  sum- 
mer savory  iSatitria  horfaisis)  ;  red  clover  (  Trifolitim  pratensr)  : 
white  clf)ver  (Trifolitim  rcpcns]  :  corn  silk  iZi'a  Mays). 

Tlie  following  oKCttiDs  may  lie  obtained  through  nurserymen: 
Small  yellow  lady's  sli]>]ier  {Cypripcdiitm  paniHorum )  ;  yellow 
lady's  slipper  {Cypripcdium  hirsnttim  \. 

The  following  fkrss  may  likewise  Ik-  procured :  Male  fern 
(.-Ispidiiim  marpttale) :  pohi'iod\  leaves  {Polypodium  vulgare)\ 
maiden  hair  {.tdiantutn  hirstttum). 

INDIGEXOIS  OR  NATL'RALIZED  MEDICI  NAI- 
PLANTS. — The  following  ttiedicinal  plants,  not  nientione<l  in 
the  preceding  lists,  grow  in  such  mmilvrs  in  this  country  that  it 
ought  not  to  l)C  difficult  to  proairc  them  or  their  seeds  for  pur- 
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poses  of  ruliivation.  l-'ossibly  the  cheapest  way  to  procure  liotli 
American  and  fureig^n  plan(:s  inr  ]nir[)oses  of  cullivation  wmiM 
\k  t(*  jnircliJisc  tlu*  j'rf:ili  or  ^^rft-n  ilnij^;^,  as  of  rwjts.  rliiz4)nK*s, 
etc.,  jiathtrci]  at  llie  re^lin^  perioil  of  the  plant.  The  recently 
f.'athereJ  ilrujj  will  in  some  insiances  contain  mature  fruits  ami 
seeds  tnim  which  plants  ma\  he  successfully  grown,  as  the  leaf- 
and  ht-H>-tlruprs  of  the  ("omposila?,  ].al>iatre,  Solanace;e,  etc. 

Italsam  fir  or  spnice  {.tbii's  biiUamca) :  calamus  (.-Icorus 
i'ahntiis) :  Kuropean  ajrrinwuy  i.li^rimotiio  Huf>atona)  :  couch 
jjrass  iir  doj:^  jjrass  {Jjiropyron  rcpcHS]  ;  tree  <rf  heaven  (Aihitt' 
thus  ^UMfiulitsa ) ;  common  chickweed  {AUiue  mctiia):  marsh- 
maIlo\s  i.fUhtCtj  o0iciualis)  :  scarlet  pim(Hrnol  i  .liiUi^ttllis  arzcn- 
ji J  I :  an'^ehca  si-cd  (.^rj;'W'Vii  .h'lhoti^cliat)  \  ma>wecd  [.Inthc- 
tnis  cotula  )  :  bitter  root  ( .lf>ocyiium  atufrosfcmifoliuiti  1  ;  Canadian 
hemp  (.If^ocyituiii  i\ntiuihitn(ni) :  ilwiirf  elder  \.Iralia  hisf^uia)i 
American  sarsaparilla  {.IniHa  utufioiiilis)  ;  L"va  L'rsi  {.irctosta- 
f>hyhs  rt«-tVji);  mcscale  i  .htfuihnittm  Lcu^nii};  hurdock 
(.■Irclittm  Liif*f>ti);  ntanzanita  ( Arctostophylos  i^htuca  i  :  IntMan 
turnip  {.IrisiCiita  tnphyllum)  \  seri'entaria  [Aristolochia  Scr/*cn- 
taria);  sonthem  \voo<l  {Artemisia  Ahrotannm)  \  common  womi- 
woo<l  y  Artemisia  Absinthium  \  .  wormwood,  niniuilani  sape.  ur 
Sierra  salvia  {Artemisia  frij^ttia)  ;  common  nin^wurt  [Artemisia 
fiil)iaris\  ;  Canada  snake  root  iAsaniin  canadotst')  :  white  Inch'ui 
hemp  {Aselef>ias  iiteaniata  ) :  silkweed  ( AseU'pias  syriaea  \ ',  paw- 
jwiw  seed  (.tsimiiio  triloba);  spice  hush  (Lituiera  fiencoiu}', 
Oregon  grape  [Bcrberis  Aquifolium) :  hlack  sampsou  or  purple 
contr  flower  (  Eeftiiiavea  oir^iistifolia,  s\n.  firannerio  i>iir/>urea  I  ; 
l)orage  {Horatio  o/fieimilis)  .  Imlian  hemp  {Cannahis  satit'a): 
shepherd's  purse  ( Ctf/tjr/Ai  /inrsa-ftastoris)  ;  blessed  thistle  (ChiViu 
beuiUiictus\  :  |)ond-lily  or  sweet-sceuled  white  watcr-tily  {Castafia 
Oiiorata) :  blue  cohosh  [Caulophylhtm  thahetroidcs\  ;  red  root  or 
Xew  Jersey  tea  iCcanothns  amcricanns) ;  true  unicorn  root,  star 
grass  (  Chamaliriitin  Ititeum)  ;  celandine  iCbelidomum  majus) ; 
turtle  head  or  snake  head  (Cheliifte  ^^tabra)  :  American  wormseed 
(ChcHoffodium  anlhr/minticiiiti) :  pipsissewa  (Chimaphila  umbel- 
lata)  :  common  feverfew  {Chrysanthemmn  Partheniiim)  :  Canada 
thistle  I  Carduus  anntsis)  :  black  cohosh  (Cimicifuga  raccniosa)  : 
stone  ro«->t  (CidlinsoHta  canadeusis) :  sweet  fern  (Comptonia  perc' 
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i^ritia,  syn.  Myrica  aspUnifoIia) ;  gold  thread  {Coptis  trifotia); 
coral  root  or  crawIey  root  (CoraUorhica  odontorhiai)  \  green  osier 
l)ark  iCoruns  circ'uiata);  red  osier  dogwood  {Cornus  stotoni- 
fcra) ;  American  dittaiiv  (Cuiiiia  orif^anouics )  :  broom  tops  (Cyti- 
siis  Scoffiiritis)  ;  stranioiiium  leaf  and  sceil  {Datura  Stramonium  i  : 
turkey  com  or  squirrel  corn  {fiicucuth  canadensis):  wild  yam 
root  {Dioscorca  viUosa)',  sumlew  {Droscra  rotimdifolia)  \  ntalc 
fern  {Aspidium  mar^inaiis  and  A.  FHix  was) ;  bittersweet  (Soia- 
nitm  Dulcamara) ;  scouring  rush  (Eijuisctum  hyemolc)  ;  firewecd 
{ F.rcchtiU's  hicracifolia)  ;  flcabanc  {Uriscron  canadensc)  ;  yerba 
santa  (Eriodictyon  californicum )  ;  Kuropean  centaur\'  (Brythrtca 
Cctttaurium)  ;  Ixincset  [Eupatorium  pcrfoliatum)  :  joc-pyc  weed 
{Eupatorium  purpurcum)  ;  verba  reuma  or  Mux  herb  (fraukcnia 
j^randi folia ) ;  .  European  wood-strawberry  leaves  ( Fragaria 
vcsca  }  :  American  colnmbo  {fniscra  caroliucnsis )  ;  cleavers  ( Cat- 
turn  aptirinc)  ;  Califomia  fever-hush  (Carrya  Ercmontii) ;  winter- 
green  {Gaultheria  procumbais) ;  5-flowered  gentian  {Gentiana 
tjuimjuefolia  )  ;  pur^)le  or  water-avens  {Ceum  rii-nlr);  sweet  or 
fragrant  life-everlasihig  {Gtuxphalium  obtusifoUum) ;  grindelia 
( Grindelia  robtista  and  G.  squarrosa )  ;  pennyroyal  ( Hedeoma 
puh^ioidcs) :  frostwort  {liclianthcmum  canadrnsis)  ;  false  uni- 
corn root  {Hchnias  hullata);  masterwort,  cow  parsnip  [Hcrac- 
teum  ta$iatum);  hydrastis  (ffydrtistis  canadensis);  common  St. 
John's  wort  (Hypericum  perforatum)  ;  hyssop  (ffyssopus  offici- 
iKi/ij)  ;  wild  celandine,  pale  tnuch-me-nol  ifmpatiens  aurea) : 
twin  leaf  (Jeffersotiia  diphylla)  ;  mountain  or  sheep  laurel  {Kal- 
mia  latifalia)  ;  nunmtaiii  mint  (KoeUta  incana  an<l  K.  "irf^ituana)  ; 
lactucarium  {Lactuca  i-irosa)  :  motherwort  (Lconurus  cardiaca)  ; 
cancer  root  or  beech  drop  (Lcplatnniutn  i-irgitiiaituni)  ;  Culver's 
root  ( Leptaudra  z^ir^^iuica) :  lovage  ( Lez'isticuut  officinale)  ;  deer 
tongue,  vanilla  plant,  vanilla  leaf  {Liatrts  odoratissima.  s)*n.  Tri- 
lisa  odoratissima);  lobelia  (LobeHa  inflata) :  bitter  buglc-wccd. 
water  or  marsh  horchonnd  ( Lycopus  europ{rus) ;  purple  bugh- 
wced  (Lvcopus  %'ir^itiicus)  ;  low.  dwarf  or  running  mallow 
(Maha  rotundifolia) ;  horehound  ( Marruhium  X'ulg.art)  :  wild  or 
German  chamomile  (Matricaria  Chomomilla) :  yellow  sweet  clu- 
ver.  yellow  melilot  {McUlotus  officinalis):  spearmint  (Menllui 
spicata):  buckbcan,  marsh  or  bean  trefoil   (Menyauthes  trifoli- 
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ata):  yerba  buetia  (Micromcria  Doughsii)\  sciuaw-vinc.  part- 
ridge berry  {Mitchclla  rcpcus) ;  horseniiiit  leaves  {Monania  f'unc- 
tata) ;  catnip  (Ncpcta  Cafaria)  :  large  yellow  pond  lily  (Symffhica 
advena);  common  evening  primrose  {(Enothcra  biennis):  sour- 
wood  leaves  (Oxydcndmm  arhorcum) ;  field,  red  or  corn  poppy 
rtowers  {Papaver  Rhwas)  ;  American  ivy  or  Virginia  creeper 
1  Parthcnocissus  quimjucfoUa  \  ;  ditch  or  Virginia  stonccrop  ( Pen- 
thorutn  sedoides);  American  mistletoe  {Phoradendron  flaies- 
cens)  ;  poke  root  and  berries  {Phytolacca  dccandra) ;  small  luirnet 
saxifrage,  small  pimpernel  {Pimpinclia  Stt.vi{ra^a)\  common  or 
greater  plantain  leaves  {Plautago  major)  ;  mandrake  {Podophyi- 
iiint  pcUatum)  ;  poison-iv)-  {Rhus  toxicodendron)  \  senega  {Poly- 
Xula  Scncf^a )  ;  American,  dotted  or  water  smartweed  ( Polygonum 
punctatum) :  bearsfoot  {Polymina  Uvedalia) :  hair  cap  moss 
yPolytrichum  jnnipcrinum)  ;  lialm  of  gilead  buds  or  balsam  (wp- 
lar  buds  [Populns  candicans)  :  Indian  hiack-root  (Ptcrocaulon 
pychnostachyum )  ;  ilewberry.  low  running  blackberry  {Rubus 
canadensis)  :  wild  red  raspberry  leaves  (Riihns  strigosus)  :  high 
bush  blackberry  root  {Rubus  nigrobaccus) :  sheep  sorrel  (Rumex 
AccloseUa) ;  yellow  dock  {Rumex  crispus) ;  saw  palmetto  {Sere- 
noa  serrulata) :  red  or  American  centaury  {Sabbatia  angnlaris) : 
<pn'nine  flower  (Sabbaiia  ElHottii):  blood  root  {Saui^uinaria  can' 
adensis):  soap  wort  [Saponaria  officinalis):  trumpet  plant  (Sar- 
racema  Hava)  \  pitcher  plant  {Sarraccnia  purpurea):  Maryland 
tigwort.  heal-all  or  pilewort  (Scraphnlaria  marHattdica)  ;  mad- 
clog  skullcap  (Scutellaria  lateriflora) ;  uncum  or  liferoot  (Senecio 
aureus) ;  button  snake-root,  rosin  weed  (Silphium  terebintha- 
ceum)  :  carrion  flower  (Sniilax  herbacea)  ;  bamboo-brier  root 
iSmilaxPseitdo-china) ;  horscncitlv  (Solanumcaroiiiiense) :  sweet 
or  anise-scented  goldenrod  (Solidaga  odora) ;  European  golden- 
rod  (Solidaso  I'irgaurea) :  pink-root  (Spigelia  marilandica ) : 
marsh -rosemary  (Limonium  carulinanum)  ;  queen's  root  {Still- 
ingia  syh'atica) :  pencil  flower  {S^tylosanthes  bifiora) ;  skunk  cab- 
bage (Spathycma  fa:tida) :  tansy  (Tatiacetum  vulgarc)  :  dande- 
lion {Taraxacum  officinale) ;  cancer  root  nr  beech  drop  (Thelesia 
uniffora):  vanilla  leaf,  deer-tongue  (Tritisa  odoratissima)  \  hem- 
lock {Tsuga  canadensis);  coltsfoot  {TussHago  farfara):  Cali- 
fornia laurel  {V  ntbellularia  calif  arnica)  ;  stinging  or  great  nettle 
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{VrlicQ  dioica) ;  American  hellebore  ( Vcratrum  viridc  i  :  mullein 
{Vcrbascum  Thapsus):  bhte  vervain  {I'crbena  futstatat;  oom- 
nwii  speedwell  {I'crottica  officinalis). 

Foreign  Medicinal  Plants. — The  following  are  some  o{  the 
foreign  plants  ihat  might  Ix;  profitably  cnltivaie<l  in  this  coun- 
try,  but  plants  and  seeds  can  [Tulably  only  l>e  nbtaineil  through 
dealers  in  foreign  plants  and  seeils:  (ittaco  root  {A^az'C  plant' 
folia):  pellitory  {Anacyclits  Pyrcthruni)  :  safflower  or  American 
saffron  {Carthamus  tiucttrrins)  :  angelica  rrtot  iAu^etica  Archan- 
^iiclica ) :  Roman  chamomile  {Authcmis  twhilis):  arnica  \  Arnica 
montami) :  sahadilla  {Asagrera  officitiatis) :  blood  rtower  or  bas- 
tard tpecacnanha  (Asilcpios  CnrassaTica)  :  bella<lonna  \  Alropa 
BclUufouna)  ;  woml  bctony  (Hctottica  officinalis):  Iwrage  iBor- 
ago  officinalis);  bou-ncfa  or  ihapsta  {Thapsia  Gar-^anica)  ;  man- 
aca  ( BruufclsUi  ffopcana )  :  bryony  (  Bryonia  olha  (  ;  canclla 
iCaticUa  ll'intcrana)  ;  cayenne  pepper  (several  specie*  *jf  Cap- 
sicum, see  p.  578}:  senna  (Cassia  aciitifoHa  and  C.  an^i^usti- 
folia)  :  lippia  Mexicana  (Ccdronclla  mcxicaiia);  colocynth 
iCitrullus  Colocynthis)  \  colchicmn  corm  and  seed  [Colchictun 
autumiiatc) ;  centum  (Coninm  macuhtum) :  cascarilla  (Crotott 
lilutcria):  stavesacre  seed  (Delphinium  Stophisaiiria)  ,  ilulntiMa 
leaves  ( Duboisia  myoporoidcs  \ :  eye-bright  ( iiuphrasia  ofHci- 
naiis):  gentian  (Gcntiana  ttitca):  licorice  {Glycyrrhisa  glabra 
and  the  var.  ^^landulifcra) :  black  hellebore  {Ifcllchorus  nigcr): 
henbane  {flyoscyamns  ni^ier)  ;  mate  or  Paragnay  tea  i  Ilex  para- 
Xuaycnsis) :  elecampane  [inula  Hclcniutu) :  Florentine  orris  root 
( Iris  florcntina )  :  laurel,  sweet  bay  (  Lanrus  nobi/is  i  :  bitter  bugle- 
weed,  water  or  ntarsh  liurehonn<l  (Lycopns  cnroperns)  ;  wild  or 
German  chamomile  l Matricaria  Chantoniilla) :  water  fennel  seed, 
fine-leaved  water-hemliKk  )  (Enanthc  Phcllandrium )  ;  p<^ppy 
{Papavcr  somniferunt)  ;  bistort  {Polygonum  bistorta):  tormen- 
tilla  root  {PntcutUla  TormcntUla) :  lungwort  { Pnhtionana  offici- 
nalis) ;  rhubarb  i Rhcnm  officinale)  ;  cevadilla  { Sclurnocaulon 
officinale) :  scnj>nla  iScopoHa  Carniolica) ;  figrtxtt  or  carpenter's 
s<|uare  (Scrophularia  nodosa):  Knropcan  gi^ldenro<l  (Solidago 
t'irgaurca)  ;  water  germander  (  Tencrinm  scordiutn)  :  thapsia 
(  Thapsia  Gar^anica']  ;  squill  ( /  'rj^inea  maritinia)  ;  valerian  f  I'ale- 
riana  officinalis) ;  pansy  ( I'iola  tricolor). 
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The  follijwing  inedidnal  plants  jjrow  wild  or  are  cultivattil 
in  various  tropical  and  s til)- tropical  countries,  and,  while  some  of 
ihcni  niJEjht  ht*  fjrown  in  this  country,  still  their  cuUivatinn  would 
be  ilifticull  except  iimlcr  special  conditions,  wliich  would  add  very 
much  to  the  expense  of  the  drug:  Jequirity  scetl  {Abrus  preca- 
tortus)  \  catechu  yAaida  Catcchtt) ',  galangal  i.ilpinia  offici- 
tutnuit):  lish-berries  \  .Imiiiiirtu  pankuhUa]  :  areca  or  betel  nut 
{Arcca  Catechu) :  quebracho  [Aspiitospcnna  Quebracho-bianco) ; 
buclui  ( Barosina  bctuHua  and  H.  crenulala )  :  nianaca  ( Bruu- 
fciski  Hopcana);  pareira  {tlumdrodetidrou  touicntostim) ;  cin- 
chona lark  {Ciitehona  si>ecies) ;  cinnamon  bark  (Cintiamomtim 
spfcies )  :  cola  [Coh  ticitiitina/a)  ;  nnrrh  (Cotntniphora  Myrrba)  : 
tnnneric  {CurcuitH$  hn^a);  aiignslura  {Cuspitria  anj^ostura)  i 
tonka  bean  (Coutitarouita  odorata  and  C  oppositifoUa) '.  cot^ 
bark  {Drimys  li'intcri);  cardamom  (EUttaria  repi'ns)  :  embelia 
(limbeiia  ribes):  coca  {  fitylhroxylou  Coca);  cloves  (Eugenia 
CaryophyUatd]  :  chequeii  {Enjienia  Chequen) :  jambul  seed  (Eti~ 
•icniii  JambohuHi)  ;  picbi  i  Fobtana  {nibrt'cata)  :  usafetida  (Ptrula 
I'atida):  musk  root  [Ecnda  Sumbnl)  \  mangosttcn  fruil  {Gar- 
cinia  Man^ostana )  \  f<^iaiac  wood  and  resin  ( Citaiacnm  officinale  • 
and  (j.  sanctum)  :  c(K:illana  bark  {Gtiarea  Rusbyi):  chaulnmgra 
oil  ( Cynocardia  udorata )  :  logwood  ( liemotosylon  campcchf- 
anum ) :  cusso  ( Hagenia  abyssinica ) ;  ipecac  ( Cephaclis  Ipecacu- 
anha);  caroba  leaves  {Jacarandra  proccra) ;  jalapa  ( Exosonium 
Fnr^^a ) :  calumba  (  Jatcorhiza  paimata  )  :  rhatany  (  Krameria  tri- 
andra  and  other  s|xrcies) ;  muirapuama  {Liriosma  orw/o)  ;  mala- 
iKir  nut  {Adhatoda  vasica)  ;  kamala  [MaUotns  phiUppinc'iisis) ; 
conduraugo  i  Marsdenia  cunduran^o )  ;  nutmeg:  and  mace  (  Myris- 
tica  fragrans):  gtiarana  (Panltinia  Cupana):  boldo  (Peiimns 
Boldns):  calabar  bean  I  rhysostigma  rcnenoxuni) :  quassia  i Pi- 
crtrna  e.vceisa):  jaborandi  [Pdocarpus  Jaborandi  an<l  other  spe- 
cies); allspice  (Piiuenta  officinalis);  matico  (Piper  angustifo- 
b'nw)  :  ctibeb  (Piper  Cubeba)  :  kava-kava  (Piper  mefhysticum)  . 
black  pepper  (Piper  nigrum) :  Jamaica  dogwotxl  {Piscidia  eryth- 
rina)  :  tonga  bark  (Premna  taitensis) :  kino  (Pterccarpus  marsu- 
pinm) ;  sandal  wood  (Plerocarpus  sautahnus)  :  pomep"anale  bark 
{Pniiica  Granatum) :  soap-tree  Iwrk.  Panama  hark  (QuHla/'a 
fiaponarta)  ;  cedron  see<!  (Si?naba  Cedron)  :  simnniha  bark  (Sim- 
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aruba  amara)  ;  sarsaparilla  (Smilax  mcdica  and  other  species  of 
Smilax)  ;  strophanthus  {Strophanthus  Kombe  and  S.  hispidus)  ; 
ignatia  {Strychuos  ignatii)  ;  Hoag-nan  {Strychnos  malaccensis)  ; 
nux-vomica  {Strychnos  Nitx-vomica)  ;  chirata  {Szvcertia  Chi- 
rata) ;  tolu  {Toluifcra  Balsamum) ;  balsam  of  Peru  {ToUtifera 
Pereira);  damiana  {Turnera  diffusa);  gambir  (Uncaria  Gam- 
bir)  ;  ginger  {Zingiber  officinale). 

The  following  is  a  summary  of  the  preceding  lists : 

Cultivated   medicinal   plants   in   the   U.    S 190 

Wild    indigenous   or    naturalized    medicinal    plants 178 

Foreign  medicinal  plants  that  might  be  cultivated 56 

Foreign  medicinal  plants  uncertain  as   to  cultivation....  75 

These  figures,  while  more  or  less  approximate,  show  that 
about  three-fourths  of  all  the  medicinal  plants  are  growing  either 
wild  or  in  cultivation  in  this  country ;  and  that  of  the  remaining 
one-fourth,  probably  one-half  of  these  could  be  grown  in  this 
country,  leaving  but  a  comparatively  small  number  of  plants  that 
could  not  be  cultivated. 


PART  II.— PHARMACOGNOSY. 


CHAPTER  I. 
CRUDE    DRUGS. 

INTRODUCTORY, 

Pharmacognosy  is  a  term  derived  from  two  Greek  words 
which,  together,  mean  a  knowledge  of  drugs.  According  to  mod- 
ern usage  it  is  generally  understood  to  mean  the  study  of  the 
structure  and  chemical  constituents  of  crude  drugs. 

The  origin  of  the  word  drug  is  more  or  less  obscure,  but  it  is 
now  applied  to  any  crude  substance  which  may  be  employed  in 
medicine,  whether  of  vegetable,  animal  or  mineral  origin. 

The  NATURAL  oRic.iN  is  thc  scientific  name  (generic  and  spe- 
cific names)  of  tlie  plant  or  animal  yielding  thc  drug.  In  the  case 
of  vegetable  drugs  the  natural  origin  is  spoken  of  as  the  ihitax- 
icAL  ORIGIN.  A  vegetable  drug  usually  represents  some  special 
part  of  the  plant,  but  in  some  instances  the  entire  plant  is  em- 
ployed,  as  chirata. 

Thc  habitat  of  plants  is  thc  region  where  they  grow.  Some- 
times this  tcnii  is  applied  erroneously  to  the  drugs  themselves. 
Neither  the  scientific  name  of  the  plant  nor  thc  commercial  name 
of  the  drug  may  be  relied  upon  as  indicating  the  true  habitat  of 
medicinal  plants.  For  example,  the  specific  name  of  Sf*igelia 
man'lamiica  indicates  that  the  plant  is  found  in  greatest  abundance 
in  Maryland,  wlicrcas  it  is  only  occasionally  met  with  in  that 
Slate.  In  other  cases  plants  are  connnon  to  a  much  larger  tcrri- 
tor>'  than  the  specific  name  would  indicate,  as  Pninus  vir^^iniana. 
The  geographical  names  associated  with  drugs  frequently  apply 
to  the  places  from  which  they  arc  exportcfl,  rather  than  to  the 
habitat  of  the  plant  yielding  the  dnig,  as.  for  example.  Para 
sarsaparilla,  which  is  obtained  from  a  plant  growing  in  the  u]>per 
Amazon  region,  is  shipped  to  Para,  from  whence  it  is  exported. 
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PUms  which  yield  drugs  may  grow  wild,  as  is  most  usually 
the  case,  or  they  may  be  cuUivatcd,  as  those  yielding  anthemis» 
cannabis  indica  and  the  solanaceoiis  leaves.  I'lants  growing  in 
their  native  countries  arc  said  tu  be  iNmcENuus  to  those  rcg^ions, 
as  Stiilingta  sylvatica,  of  the  Southern  United  Slates;  Acomtum 
NapcUus.  of  the  niountainous  regitms  of  Europe,  etc.  Plants  are 
said  to  be  NATLUAUizto  when  tliey  grow  in  foreign  land  or  in 
another  locality  than  their  native  home.  Some  of  these  may  have 
l)een  distributed  liy  natur;il  agencies,  or  they  may  have  cscape<I 
from  cultivation,  or  ihey  may  have  been  inlro<hiccd  with  tlie  seecls 
of  cultivated  plants  or  with  the  ballast  of  ships. 

The  term  commerciai.  okic.in  applies  solely  to  tlic  drugs  them- 
selves, and  indicates  llieir  commercial  source,  whidi  may  be  cither 
the  country  where  the  plant  yielding  the  drug  is  grown,  or  the 
port  from  which  the  drug  is  sent  into  the  marts  of  the  worUL 
Englisli  hyoscyanius  leaves  are  gathered  from  jilants  grown  in 
England;  Canton  rhubarb  is  the  product  of  plants  grown  in 
various  parts  of  China,  but  shipped  by  way  of  Canton. 

The  official  or  i'HARiiACf)i"a:iAL  titles  of  vegetable  drugs  arc 
derived  fmm  either  the  generic  name  of  the  plant,  as  gelsemium, 
or  the  specific  name,  as  ipecanianha,  or  they  may  include  both  the 
generic  and  specific  name.*;,  as  viburnum  prunifolium.  or  they  may 
be  derived  from  other  sources,  as  opium  and  sarsaparilla. 

In  addition  to  the  Ix^tanical  names  of  plants  and  the  pbarrna- 
copccial  titles  of  <lrugs,  a  number  of  vernacular  names  and  syno- 
nyms arc  also  applied  to  vegetable  dnigs,  as  licorice  root  for 
glycyrrlii/a.  prickly  ash  fnr  xanthoxylum. 

The  official  or  piiARMACoi'tEiAr,  pefinition  of  drugs  is  given. 
in  the  leading  paragraph  under  each  drug  in  the  different  pliarma-  ' 
copu'ias,  and  inclu<les  the  Iwtanical  origin  as  well  as  the  name  of  1 
the  part  of  the  plant  yielding  the  drug;  and  in  some  cases  other 
special  features  or  re<iuirement«  are  given,  as  the  habitat  of  thej 
plant  yielding  the  drug,  the  lime  of  collection,  mode  of  preserva-j 
tion.  etc. 

The  time  of  the  cou,ECTtON  of  vegetable  drugs  is  of  prime  1 
importance,  and,  while  we  may  not  be  able  to  make  extended 
gcneralization«;,  still,  the  following  general  ndes  for  the  collection 
of  various  dnigs  may  be  given : 
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( 1 )  Roots,  rhizomes  and  barks  should  be  collected  imnicdi- 
atciy  before  the  vegetative  processes  begin  in  the  spring,  or 
inimediaielv  after  these  processes  cease,  which  is  usually  in  the 
fall. 

(2)  Leaves  should  be  collected  when  the  CO,  assimilation 
process  is  most  active,  whicli  is  usually  about  the  time  of  the 
development  of  the  flowers  and  before  llic  maturing  of  fruit  and 
seed. 

(3)  Flowers  should  be  collected  prior  lo  or  just  about  the 
time  of  pollination. 

(4)  Fruits  should  be  collected  near  the  ripening  period,  i.e., 
full  grown  but  unripe. 

(5)  Seeds  should  he  collected  when  fully  matured. 

The  i'Hi:sE«vATi()N  of  vegetable  drugs  is  likewise  desen'ing 
of  careful  consideration,  and  attention  should  be  given  to  ihc 
influence  of  temperature,  moisture,  air  and  light,  and  the  attacks 
of  insects.  The  temperature  of  the  room  or  part  of  the  store 
devoted  to  the  storage  of  dry  drugs  should  not  be  more  than 
about  25*  C,  and  nearly  uniform  throughout  the  year. 

Drugs  containing  volatile  principles  require  to  be  kept  in  air- 
tight containers,  as  the  herbs  of  the  Labiatse  and  Compositae,  and 
wild-cherry  bark.  Air-tight  tin  cans  are  ]>robably  the  most  eco- 
nomical anti  satisfactory  containers  for  the  purpose,  and  the  sug- 
gestion has  been  made  to  paint  the  edges  of  the  cans  with  melted 
beeswax.  Drugs  are  sometimes  stored  in  wooden  lioxes  or  in 
drawers.  This  method  is  objectionable,  not  only  because  llicy 
arc  more  liable  to  deteriorate,  but  because  the  odors  are  com- 
municable from  one  to  the  other.  The  storage  of  drugs  in  parcels 
is  the  most  objectionable,  particularly,  as  is  usually  the  case,  when 
the  different  parcels  are  stored  togetlier. 

Those  drugs  that  are  difficult  to  dry.  as  the  inulin-containing 
drugs,  and  some  Ilesliy  roots  and  rhizomes,  as  Veratrum,  are 
liable  to  become  moldy  and  should  be  thoroughly  dried  before 
placing  them  permanently  in  containers. 

The  preservation  of  dnigs  against  the  attacks  of  insects  is, 
unfortunately,  generally  overlooked.  Most  drugs  are  subject  to 
their  depredations,  and  are  usually  attacked  by  the  insects  in  the 
larval  stage.     The  insects  whicli   infest  vegetable  dnigs  belong 
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chiefly  to  the  Lepidaptera,  Coleoptera  and  Diptcra.  The  Lcpi- 
doptera  are  the  most  destructive,  and  incUidc  the  cornmeal  moth 
{Tinea  cea),  which,  dnriiifj  its  lan'al  (the  caterpillar  or  grub) 
stage,  is  known  to  attack  aconite,  capsicum,  ergot,  lappa,  Unseed, 
rhubarb,  taraxacum  and  many  other  drugs.  Among  the  Coleop- 
tera are  various  members  of  the  PtineiUc,  as  Ptinus  brtinncus, 
Anobium  pankcnin  and  Lasioderma  serriconte,  which  attack  the 
spices  chiefly,  as  capsicum,  cinnamon  and  pimenta.  Chief  among 
the  Dipicra  is  Trypeta  arnicivora.  which  is  sometimes  found  in 
arnica  flowers. 

For  the  destruction  of  these  insects  and  prevention  of  their 
attacks  a  number  of  substances  and  methods  have  \^ccx\  employed, 
the  simplest  method  of  all  being  to  cxposi*  the  drug  to  a  tempera- 
ture of  about  too**  C.  This  method  is.  however,  open  to  objec- 
tion, as  there  is  Mahihty  eitlier  to  flecompositirm  or  loss  of  active 
principle.  Camphor  and  tar-camphor  have  Ix'en  employed,  but 
it  is  doubtful  if  they  should  \ye  used,  unless  in  the  case  of  animal 
dntgs.  In  some  instances,  as  with  nutmeg  "and  ginger,  the  drug 
is  sprinkle<l  in  the  drying-room,  and  when  packed  for  market, 
with  (|uicklime.  Benzin  and  carbon  disulphide  have  been  pro- 
posed, but  these  arc  of  a  disagreeable  odor  as  well  as  inflammable. 
Etlicr  has  lieen  suggested,  but  it  is  very  volatile  and  inflammable. 
Fonna!(]thy<!e  has  been  proposed  for  the  preservation  of  orris 
root.  The  use  of  chloroform  as  a  preservative  was  formerly  sanc- 
tioned by  the  l^.S.P.  in  the  case  of  ergot,  an<l  is  probably  the  best 
preservative  that  has  been  proposed.  A  few  drf)ps  of  chloroform 
added  tn  a  drug  on  placing  It  in  the  container  will  usually  pre- 
vent it  from  becoming  "  Xi^ormy."  Some  drugs,  however,  as  tar- 
axacum and  glycyrrhtza,  may  require  inspection  from  time  to 
linic  and  the  addition  of  a  little  more  chloroform. 

CoMMF.RCTAL  FoRMS  OF  Dkuhs. — Wgctablc  drugs  are  brought 
into  market  in  various  forms;  they  may  be  crude,  that  is.  more  or 
less  entire,  or  in  a  powdered  condition.  Crude  drugs  may  be 
nearly  entire,  as  seeds,  flowers,  fruits,  leaves,  and  some  roots  and 
rhizomes;  or  they  may  be  cut  or  sliced,  as  in  woods,  barks,  many 
roots  and  a  few  rhizomes.  They  may  be  more  or  less  matted 
together,  as  in  chondnis  and  the  solanaceous  leaves ;  or  they  may 
be  pressed  together  by  means  of  hydraulic  pressure,  giWng  the 
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so-called  pressed  drugs;  or  they  are  first  powdered  and  then 
molded  into  forms,  as  "  rhubarb  fingers."  In  some  cases  ihe 
peri<Ifnn  is  removed,  as  in  a  number  of  roots  (althsea)  rhizomes 
(zingiber)  and  barks  (ulmus). 

The  QUALITY  of  vegetable  drugs  is  injured  by  a  nurnlwr  of 
factors,  of  which  the  following  may  be  mentioned:  (1)  lack  of 
knowledge  or  want  of  care  in  collecting  them ;  (2)  carelessness  in 
drying  and  keeping  them;  (3)  insufficient  care  in  garbling  and 
preparing  them  for  the  market ;  (4}  inattention  in  preserving  them 
and  storing  them;  (5)  accidental  admixture  in  the  store,  and  (6> 
adulteration  and  substitution. 

The  influence  which  the  time  tiF  collkction  has  on  the  quality 
of  vegetable  drugs  may  be  best  shown  by  a  few  illustrations.  It 
is  well  known  that  when  the  fruits  of  conium  are  green  they  will 
yield  over  3  per  cent,  of  coniine,  but  when  they  become  yellow 
the  alkaloid  diminishes  rapidly  in  quantity,  and,  therefore,  much 
of  the  coniinercial  <lnig  will  not  yield  i  per  cent,  of  coniine.  The 
same  thing  may  be  said  of  santontca :  when  the  flower  liea<ls  are 
unexpandcd  they  will  yield  over  3  per  cent,  of  santonin,  but  just 
so  soon  as  the  flower  matures  there  is  a  rapid  disappearance  of 
the  anthelmintic  principle.  Dealers  in  insect  powder  (Flores 
pyrethri)  know  that  the  flowers  gathereil  when  they  are  closed 
produce  the  finest  and  must  ]X)werful  insect  powder,  worth  nearly 
twice  as  much  as  that  made  from  the  half-closed  or  open  flowers. 
It  may  be  that  the  variation  in  quality  of  some  of  the  commercial 
aconite  is  due  to  impmper  <Irying,  or  to  the  extraction  of  the  active 
principles ;  still,  there  is  no  doubt  but  that  much  of  the  trouble  with 
tliis  drug  is  due  to  the  variation  in  the  time  of  collection  in  differ- 
ent coimtrics,  as  well  as  lo  its  being  collected  from  different  species. 

Another  factor  affecting  the  quality  of  vegetable  drugs  is 
carelessness  in  drying  them  and  caring  for  tliem  after  they  are 
gathered.  In  some  cases  the  Phannacopceia  specifies  that  the  drug 
shall  be  kept  a  certain  length  of  time  before  being  used,  as  in  the 
case  of  frangula.  A  similar  specification  shoiild  be  made  in  regard 
to  rhamnus  purshiana :  but  since  the  results  of  the  clianges  on 
keeping  arc  now  ascertained,  and  since  a  similar  effect  may  be 
obtained  by  heating  the  hark  at  100"  C.  for  forty-eight  hours,  this 
specification  seems  no  longer  necessary. 
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In  some  drugs  a  sort  of  ripening:  process  takes  place  in  the 
drying,  as  in  gentian,  guarana,  vanilla  and  the  solanaceous  leaf 
dnigs.  Ill  slill  otiicrs  a  marked  deterioralion  takes  place  if  they 
are  placed  in  lieaps  and  allowed  lo  ferntent.  as  in  the  case  of  laven- 
der and  most  other  drugs  yielding  essential  oils.  In  the  prepara- 
tion of  oil  of  peppermint,  the  yield  of  oil  is  greater  and  the  quality 
better  if  the  plants  are  allowed  to  dry  and  are  distilled  immediately 
or  soon  after.  On  the  other  hand,  the  yield  of  methyl  salicylate  is 
greater  in  the  leaves  of  (iaitltheria  procumbcns  or  the  bark  of 
Bctula  icnta  if  they  arc  first  macerated  in  water  for  alx>ut  12  hours. 

Quite  a  number  of  drugs  are  not  infrequently  obserx'ed  in  com- 
merce in  a  moldy  condition,  as  taraxacum,  veratrum.  aconite, 
niaranta  starch,  etc.  The  t|uestion  as  to  w^hat  influence  this  mold 
has  on  the  r|uality  of  the  drug  has  not  been  decided. 

A  third  cause  of  inferiority  of  vegetable  finigs  is  lack  of  suf- 
ficient care  in  r.AHni.iNr,.  This  applies  to  a  number  of  drugs,  as 
leaves,  with  which  may  Ije  admixed  a  large  nun»l)er  of  stems  and 
roots;  rhizomes  and  tubers,  in  which  the  proportion  of  stem- 
remnants  may  be  excessive,  or,  as  in  otlier  cases,  the  pro()oriion 
of  roots  to  rhizomes  may  be  large.  The  roots  contain  much  less 
of  (he  active  principles,  and  have  l>een  found  in  cypripedium  and 
Hydrastis  to  the  extent  of  50  per  cent. 

A  fourth  factor  influencing  tlie  (luality  of  drugs  is  the  manner 
OF  I'RF^snKVATioN.  While  it  is  generally  conceded  that  most  drugs 
deteriorate  on  keeping,  still  this  dejKMKls  largely  upon  the  manner 
in  which  they  are  kept.  Thus,  the  i'harmacopfcia  limits  the  time 
of  keeping  of  ergot  and  states  how  it  shall  l>e  preserved;  yet  a 
numlx^r  of  writers  call  attejition  to  the  fact  that,  if  properly  pre- 
pared and  preserved,  the  time  of  keeping  may  be  very  much 
extenrlefl.  In  order  to  preserve  ergot.  (Jrover  proposed  the  removal 
of  the  oil,  and  Moss  found  the  drug  thus  treated  to  retain  its 
therapeutic  value  for  six  and  a  half  years.  Zanon  suggests  plac- 
ing the  drug  in  alternate  layers  with  sand  and  keeping  it  in  a 
closely  sealed  jar.  Others  grind  the  fresh  ergot  and  preserve 
with  chloroform  in  paraffin  paper,  while  some  first  extract  the 
oil  from  the  powder  wiUi  alcohol  or  ether. 

Accidental  admixture  in  the  store  or  warehouse  depends  upon 
the  care  of  the  individual,  and  need  not  receive  attention  here. 
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The  adulterations,  substitutions  and  sophistications  will  be 
considered  under  the  respective  drugs. 

Tin:  Valuation  of  Dkugs. — In  the  identification  of  vegetable 
drugs  certain  characters  arc  taken  into  account,  such  as  color, 
odor,  general  appearance,  structure,  texture,  etc..  these  at  the 
same  time  indicating  in  a  greater  or  less  degree  the  qualitative 
value  of  the  drug.  While  these  characters  may  enable  the  expert 
to  delect  very  slight  variations  in  cjuality.  and  to  estimate  approx- 
imately the  value  of  a  given  drug,  still  the  true  value  is  based  ujKJn 
the  amount  of -the  medicinal  principles  or  so-called  active  con- 
stituents. The  methods  employed  in  the  valuation  of  drugs  may 
be  grouped  as  follows:  (i)  Chemical,  (2)  Physical,  (3)  Micro- 
scopical, and  (4)  Uiological. 

( 1 )  Chemical  methods  are  more  generally  employed  and 
usually  involve  the  isolation  and  estimation  of  the  active  principles. 

(2)  Physical  methods  involve  such  processes  as  the  deter- 
mination of  specific  gravity  of  the  drug,  as  of  jalap,  or  the  deter- 
mination of  the  elasticity  or  measurement  of  the  fibers,  as  of 
cotton,  and  still  other  special  methods  which  apply  to  intlividual 
drugs,  showing  indirectly  their  quality. 

(3)  Microscopical  methods  of  valuation  may  oftentimes  be 
employed  when  other  methods  fail.  as.  for  example,  when  ft)reign 
starches  are  added  lo  starchy  products,  as  the  cereals  and  spices. 
Microehcmical  reactions  may  also  be  dejx^nded  ujjon  in  some 
instances  to  indicate  the  value  of  a  drug,  as  in  strophanthus,  where 
the  quality  of  the  drug  appears  to  bear  a  direct  relatitm  to  the 
number  of  seeds  giving  a  green  coloration  with  sulphuric  acid. 
The  separation  of  the  salts  of  the  alkaloids  in  hydraslis  on  the 
addition  of  sulphuric  acid  is  also  of  value  in  determining  the 
quality  of  this  drug. 

f4)  lliological  methods  involve  the  consideration  of  the  effects 
of  drugs  upon  animals  or  plants.  They  may  be  conveniently 
grouped  as  follows :  i.  Effects  or  influence  upon  animals,  includ- 
ing (0)  those  dependent  upon  the  perceptions  or  sen.ses  of  the 
experimenter  or  tester,  as  color,  taste  and  odor;  lb')  those  which 
arc  physiological  or  pathological.  These  are  usually  determined 
by  experiments  upon  lower  animals,  as  insects,  frogs,  rabbits, 
guinea  pigs,  fowls,  and  even  upon  man.    2.  The  effect  or  influence 


+2+ 


BOTANY  AND  PHARMACOGNOSY. 


produced  upon  plants  by  drug^,  or  sc»lutions  of  their  active  prin- 
ciples. For  experiments  of  this  kind  seedlings  are  usually  cm- 
ployed  and  the  effects  are  based  upon  the  amount  of  i^owth  of 
the  root  oi  the  plant  in  a  given  time  when  placed  in  the  solution. 
Some  of  the  lower  plants  (p.  5 J  are  also  used  in  testing  the 
properties  of  chemicals,  which  may  have  a  toxic  action  on  the 
protoplast  or  a  plasmolytic  action  on  the  protoplasm  (Fig.  55,  //). 


\ 


Pm.   i8j.    Cwo  for  (imjt  BpccimeiM. 

Drug  Collections. — It  is  important  that  the  student,  phar- 
macist and  analyst  possess  a  collection  of  typical  drug  specimens. 
It  is  necessary  in  ilic  study  of  drugs  and  also  for  purposes  of 
identification  and  comparison.  Specimens  may  be  kept  in  various 
kinds  of  boxes  and  bottles,  but  one  of  the  most  satisfactory'  ways 
is  to  keep  them  in  type  cases  (Fig.  183)  such  as  are  used  by 
printers,  the  top  being  covered  with  glass  which  can  be  removed. 
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The  glass  can  be  kept  in  place  by  means  of  long,  broad -headed 
tacks  or  can  be  fastened  pennancntly  bv  means  of  hinges.  The 
frames  may  be  hung  on  the  wall  or  held  by  means  of  molding. 

DRUGS  DERIVEl)  FROM  ANGIOSPERMS. 
I.   SEEDS. 

Seeds  should,  as  a  rule,  be  collected  when  they  are  ripe  and 
carefully  preserved  against  the  attacks  of  insects  and  changes  of 
various  kinds,  as  those  incident  to  germination.  They  may,  or 
may  not.  be  drial  iH-fcjrc  using. 

The  medicinal  seeds  may  be  classified  as  follows : 

I.      ENTTItE    SEED& 

I.  Not  more  than  5  to  6  mm.  long. 
1.  Wuli  an  appendage  (caruiicU^) : 

Ovoid  or  irregularly  globular,  dark  brown  ....Colchici  Semen 
s.  Wiihoui  an  appendage; 
.•i.  AmUropous. 

a.  Ovate,  flattened,  smooth Linum 

^.  Triangular  or  quadrangular,  reticulate. ..  .Staphisagria 
B.  Campyliitropout. 

Vcllowi»h -brown  , Sinapis  Alba 

Reddish-brown   ..,,... Sitmpis  Nigra 

II.  From  ID  to  so  mm.  lone. 

Whitish,   smooth. Pcpo 

Yellowi.sh-grfcii  or  light  brown,  hairy Slrophanthua 

IIL  Prom  3o  to  30  mm.  long. 

1.  More  or  less  flattened : 

a.  Ovale  or  oblong-lanceolate. 

Taste  bitter. , Amygdala  Ainara 

TaMe  bland Amygdala  Dulcis 

b.  Plano-convex  or  y  to  fi-sided Cola 

c.  Orbicnlar,    hairy .  .Nux    Vomica 

d.  Keniforni,  brownish-red   Pliysosiigma 

2.  Ellip^idal ^ Myrisiica 

II.      PRODUCTS   OP   OR    PASTS   OP    SEEDS. 

Hairs   k..... Gossyptum    PuriftcaUim 

\  paste  of  the  crushed  .■wed*. . .  * . .  •. Guarana 

The  arillodc  of  Myristica.  .,,...«».>.•...>«*...« Macis 
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COLCIIICI  SEMEN.— COLCHICUM  SEED.— Tlie  dried, 
ripe  seeds  of  Colchicum  autumtiale  ([''am.  Liliacex^,  a  perennial 
bullioiis  plant,  native  of  and  growing  in  nioist  nica<lows  in  South- 
ern and  Midillc  iuiro|Jt  and  .\orthern  Africa  (p.  23''^).  I'he  com- 
mercial supplies  come  chiefly  from  England  and  Germany. 

DuscRU'Tiox. — ilenii-anatropons,  ovoid  or  irregularly  glob- 
ular, more  or  less  Iteakcd.  with  an  easily  detachable  strophiole, 
2  to  3  mm.  in  diameter;  externally  dark  brown,  becoming  darker 
with  age.  minutely  pitl&I.  the  epidermis  detached  in  irregular 
patches  in  older  seeds :  frc(|uently  agglutinated  when  fresh,  due 
to  the  presence  of  a  saccharine  exu<iation ;  very  hard  when  dr>'. 
tough  when  damp,  internally  whitish,  cntlospenn  hanl.  embryo 


m 


^r-e^ 


Fig.  ■K4-  Transvtmr  aedion  of  OaxMcd:  E,  cpiilcnnal  crQ»  with  small  lumen  nnd 
very  tbick  outer  wall  sbuvring  mudlsKc  burteltn;  PV<  PO,  tuu-cnchymft  cclb:  ST,  stone 
ecllf';  F.  parenchyma  below  atone  celts;  O.  obliterated  cclU;  CO,  cells  vritb  reddish- 
brown  content's;    EN.  endospenn. 


0.5  mm.  long  and  situated  at  end  opposite  the  strophiole;  nearly 
inwlorous :  taste  feeble,  bitter  and  somewhat  acrid. 

Constituents. — Proteins ;  fixed  oil  about  6  per  cent. ;  a  tan- 
nin-like substance  in  the  sec<l-coat ;  starch  grains  in  the  caruncle ; 
an  alkaloid  colchicine  0.4  to  0.6  per  cent,  fo.55  i>er  cent,  required 
by  the  U.S. P.) ;  a  resinous  principle  colchicorcsin ;  ash  about  3.5 
per  cent.     (Sec  also  Colchici  Cormus.) 

LIM'M.— UNSEED  OR  FLAXSEED.— The  seed  of  Li- 
niim  usirati'ssimunt  (Earn.  Linacese).  an  annual,  which  is  culti- 
vated in  nearly  all  temperate  and  tropical  regions,  either  for  the 
fiber  (flax)  or  seed  (p.  303). 

DKSfRiPTiON*. — Anatropous,  ovoid  or  oblong-lanceolate,  flat- 
tened, somewhat  less  rounded  on  one  side  and  on  one  margin,  apex 
acute  or  heaked,  chala/al  end  roimtled.  plano-convex  in  trans- 
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verse  section.  4  to  5  mm.  long.  2  to  2.5  mm.  broad.  0.5  to  0.75 
mm.  thick;  externally  light  brown,  very  smooth  and  glassy,  the 
raphe  extending?  as  a  disthict.  hghi-yellow  ridge  along  one  edge, 
outer  wall  of  epidermal  cells  iraiisparent.  mucilaginous  and  swell- 
ing in  water;  easily  cut;  endosperm  white,  adht-ring  to  the  seed- 
coai,  embryo  light  green,  straight.  3  to  4  mm.  long,  i  to  2  mm. 
broad,  cotyledons  plano-convex ;  odor  slight ;  taste  mucilaginous 
and  slightly  unpleasant. 

In'nek  Structure. — See  Figs.  99.  .4;  184:  293. 

Constituents. — Fixed  oil  30  to  40  per  cent. ;  proteins  about 
25  per  cent. :  mucilage  in  outer  walls  of  the  ei)idermal  cells ;  ash 
1  to  4  per  cent. 

Grouno  pl.\xseeu  (flaxseed  meal  or  crushed  linseed)  is  not 
infrequently  deficient  in  oil  on  account  of  its  being  admixed  with 
"  oil-cake  *'  or  "  cake-meal."  The  latter  is  the  residue  after 
expressing  about  20  to  30  [>cr  cent,  of  the  oil  naturally  occurring 
in  the  crushed  linseed,  and  tlie  deficiency  is  sometimes  made  up 
by  the  addition  of  mineral  oils.  Groiind  flaxseed  sometimes  con- 
tains fragments  of  the  cereals  rye  and  wheat,  which  is  partly  due 
to  the  fact  that  these  cereals  grow  in  with  the  flax,  and  partly 
because  it  is  sometimes  shipped  in  meal  or  flour  sacks. 

ST.'VPHISAGRIA.— STAVESACRE.— The  ripe  seed  of  Del- 
phinium Sttipfiisa^ina  ( Fai^i.  Ranunculaces),  an  annual  or  bien- 
nial native  of  Southern  Europe  and  Asia  Minor,  and  ctdtivalcd  in 
Austria  (Trieste),  Italy  and  Southern  France,  from  which  latter 
countries  the  commercial  supplies  are  obtained  (p.  270). 

Description. — Anatropous.  irregularly  triangular  or  some- 
what tetraheilral,  one  side  convex,  the  others  plane,  the  micropylar 
end  acute  or  obtuse,  S  to  6  mm.  long,  3  to  6  mm.  broad :  externally 
dark  brown,  heconung  lighter  and  duller  with  age.  more  or  less 
unifonuly  reticulate,  the  pits  being  al)out  0.5  mm.  in  diameter, 
raphe  forming  a  more  or  less  distinct  ridge  on  the  largest  of  the 
plane  surfaces  or  on  the  edge  of  two  united  sides,  epidermis 
modified  to  distinct  papilla^;  inner  seed-coal  yellowish-brown, 
adhering  to  the  endosperm  when  mnistencd,  the  latter  white  or 
yellowish,  and  enclosing  at  the  jx^inted  end  a  small,  straight 
embryo  1  mm.  long  and  with  a  relatively  large  hypocotyl ;  slightly 
odorous;  taste  of  endospenn  intensely  bitter  and  acrid. 
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employed,  turmeric  is  also  added  to  bring  up  the  color,  which  latter 
niay  be  delected  by  means  of  the  microscope  (Fig-  290)  and  by  its 
becoming  deep  red  witli  sulphuric  acid  and  blue  with  iodine. 

Ai-LiEu  Plaxts. — The  seed  of  Turnip  {Brassica  cani/ft'stris) 
is  sup|K>sc<l  to  be  the  white  mustard  of  Sanscrit  writers. 

-SIXAPIS  NIGRA.— RLACK  MUSTARD.— The  dried,  ripe 
seeds  of  Brassica  nigra  (Kam.  Cruciferae),  an  annual  occurring 
much  the  same  as  Sinapis  alba  (p.  283). 

DhiscHiiTiON. — Campylotropous.  ellipsoidal  or  irregularly 
spherical.  1  to  1.5  mm.  in  diameter;  extcnially  brownish-red. 
seed-coat  membranaceous,  finely  pitted,  hilum  whitish,  forming  a 
conical  projection,  nncropyle  occurring  as  a  slight  depression; 
without  a  reserve  layer,  hyi>oo3tyl  curved,  cotyledons  condupli- 
catc;  inodorous;  taste  pungent  and  acrid. 

Inner  STRrcruRE. — See  Fig.  295. 

Constituents. — Black  mustard  contains  the  same  constit 
ueiits  as  white  mustard,  save  that  it  contains  more  fixed  oil  (30 
to  35  per  cent)  ;  less  of  the  ferment,  myrosin ;  and  the  sinalbin  is 
replaced  by  the  glucosidc,  sinigrin  (potassium  myronate).  which  is 
present  to  the  extent  of  about  I  per  cent,  and  yields  on  interaction 
with  the  myrosin  a  light  yellowisli  volatile  oil  (ally!  isosulpho- 
cyanide  or  volatile  oil  of  mustard),  which  has  an  acrid,  burning 
taste,  pungent  odor,  and  also  affects  the  eyes.  In  the  reaction 
there  is  also  formed  glucose  and  potassium  acid  sulpliate. 

Ai.i.ii;i>  pKODi.crs! — Of  the  seeds  of  the  other  Cruciferae  which 
somewhat  resemble  black  mustard,  the  following  may  be  men- 
tioned :  The  seeds  of  I^eld  mustard  or  Sinapis  an^cnsis,  which  are 
almost  black  and  perfectly  smooth :  the  seeds  of  Sarepta  mustanl. 
(Brassica  Bcsscriana).  which  are  larger  and  distinctly  reticulate; 
Rape  or  colza  seeds  ( Brassica  X^afus).  which  are  larger,  not  retic- 
ulate and  of  a  blnish-black  color;  Turnip  seeds  yiclderl  by  Bras- 
sica campestris,  which  are  somewhat  larger  but  less  acrid,  and  are 
used  in  India  in  place  of  black  mustard ;  and  Brassica  juncea, 
wliich  is  cultivated  in  irojjical  .\sia  for  the  same  purpose. 

PEPO.— PUMPKIN  SEED.— The  ripe  seeds  of  Cucurbita 
Pepo  (Fam.  Cucurbitacea;),  a  procumbent  herb  native  of  tropical 
America  and  possibly  tropical  Asia,  and  long  cultivated  in  tropical 
and  temperate  zones  (p.  387). 


430 


BOTAXY  AND  PMARMACOGNOSY. 


Descriptiox. — ^Anatropous.  broadly  elliptical,  acute,  aaimin- 
ate  or  iruncate,  flattened,  atk>iit  20  mm.  long,  10  mm.  broad,  about 
2  mm.  thick;  externally  white  or  liijht  yellow,  very  smooth  or 
somewhat  rough  from  adhering  fruit  pulp,  marked  by  a  shallow 
groove  or  slight  ridge  parallel  to  and  within  1  mm.  of  the  margin ; 
raphe  not  conspicuous,  hilum  characterized  by  a  minute  depres- 
sion; seed-coat  consisting  of  two  distinct  layers — the*  outer  white 
and  coriaceous  and  the  inner  dark  green  and  membranaceous; 
embryo  while,  straight,  with  a  small  hyjxKOtyl  and  two  plano- 
convex cotyledons ;  slightly  odorous  when  contused ;  laste  bland. 

CoNSTiTPKNTS. — Fixcd  oil  aliout  40  per  rent. ;  starch  about  30 
per  cent.;  proteins;  an  acrid  resin;  a  glucoside  (cucurbitin)  and 
possibly  an  alkaloid  (cucurbiline),  the  presence  of  the  last  two 
principles  needing  confirmation  ;  ash  3  to  4  per  cent. 

Allifjj  Pl.\nts. — The  seeds  of  other  species  of  Cucurbita  arc 
also  used  in  medicine;  in  Italy  C.  maxima  and  in  the  West  Indies 
C.  occldcntalis  arc  the  sources  of  the  drug. 

TI»e  seeds  of  other  members  of  the  Cucurhitacex  are  also 
employed  in  me<iicine;  they  include  Uie  seeds  of  watermelon 
{CitritHus  vulgaris),  cucumber  {Cucitmis  satiz'us),  muskmelon 
(Cucitmis  melo)  antl  lagenaria  (Cucurbita  La^cnaria). 

STKOPHANTHUS.— The  rii>e  seeds  of  Stro/>hauthits  Kombe 
(Fam.  Apocynaceae).  a  twining  shrub  found  in  i^ambesi  and  other 
parts  of  Eastern  Africa  (p.  363}.  The  plumose  awns  at  the  apex 
of  the  seeds  arc  usually  removed  before  ex|jortation  (Fig.  185). 

DKSCitmiox. — llemi-analropous,  oblong-lanci-olate  or  spatul- 
ate.  acute  or  acuminate,  unevenly  flattened  and  in  transverse  sec- 
tion deltoid  mr  plano-convex,  8  lo  15  mm.  long,  3  to  5  mm.  broad.  I 
to  1.5  mm.  thick:  externally  yellowish-green,  covered  with  long 
hairs  giving  a  silky  appearance  to  the  seed,  the  raphe  extending 
as  a  distinct  ridge  from  the  hilum  al)out  half  the  length  of  tlie 
seed;  fracture  short;  internally  whitish,  cndospcnn  about  0.2  mm. 
thick,  embryo  6  to  12  mm.  long  antl  i  to  2  mm.  broad,  cotyledons 
plano-convex,  about  i  mm.  thick,  hypocotyl  conical,  2  nun.  long; 
inodorous  except  when  broken ;  taste  very  bitter. 

When  treated  with  concentrate*!  sulphuric  acid  the  endosperm, 
in  about  65  per  cent,  of  the  seeds,  becomes  green;  the  cotyledons 
red  or  puri>Ie  and  finally  green,  in  some  instances. 
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Innkr  Structuke. — Sec  Figs.  186;  284,  A;  306. 

Constituents. — Strophanthtn,  a  crysiallinc  ]>rinciplt'  occur- 
ring chiell)  in  the  emlosperm  aiui  varying  from  o.yj  to  3  |>er  cent. ; 
slrophanthin  is  colorcfl  greenish  with  siilpliuric  acid,  and  yields  on 
decomposition  a  cr)'stallinc  body  called  strophanthidin;  the  other 
constituents  are  konibic  acid  and  about  30  per  cent,  of  a  fixed  oil. 

Allied  Plants. — The  seeds  of  a  number  of  other  si>ecies  and 
varieties  of  Strophanthus  find  their  way  into  the  market,  but 
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these  are  usually  more  or  less  deficient  in  strophanthin  and  hence 
do  not  give  a  greenish  color  with  sulphuric  acid.  The  most 
important  of  these  arc  the  seeds  of  Strophatithits  hitfUius,  a  plant 
growing  in  Upper  (Juinca  and  other  parts  of  Western  Africa. 
These  are  smaller,  thicker  and  less  hairy  than  those  of  S.  Kotnbe 
and  yield  less  than  i  per  cent,  of  strophanthin.  The  commercial 
drug  may  contain  other  Stroplianthus  seeds,  some  of  whicli  con- 
tain calcium  o.xaUte  prisms. 
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AMYGDALA  AMARA— BITTER  /VLMOND.— The  ripe 
seed  of  Prunus  Amygdalus  amara  (Fam.  Rosaceae).  a  tree  native 
of  Asia  Minor.  Persia  and  Syria,  and  cultivated  and  naturalized 
in  tropical  and  warm-temperate  regions  (p.  287).  The  commer- 
cial product  is  obtained  mostly  from  Sicily,  Southern  France, 
Southern  Italy  anr!  Northern  Africa.  In  commercial  almonds  the 
yellowish,  more  or  less  porous,  fibrous  and  brittle  cndocarp  is 
frequently  present,  and  this  should  lie  removed  (Fig.  187). 

Descrh'TIon. — Anatropous.  ovate  or  oblong-lanceolate,  flat- 
tened, more  rounded  on  one  marg^in.  apex  acute  or  beaked,  chalazal 
end  rounded  or  obliquely  truncate,  20  to  30  mm.  long,  11  to  17 


o 


Fig.  ifiT.  Drupe-like  fruit  of  almond  {PrvHtts  Amytdaius):  A.  whole  fruit  with 
distinct  suture:  B,  lootcitudinttl  wi-iioii  ttliowitiB  bbrous  aarcocorp.  and  thin  >hcll>«ndoc*rp; 
C,  D.  I!,  sections  of  the  se«d:  c,  cotyledonx;  w,  hypocotyl,  v,  «[iteotyl  or  plumule. — A(t*r 

Pocke. 

mm.  broad.  7  to  9  mm.  thick;  externally  light  brown,  with  numer- 
ous parallel  veins  extending  from  the  chalaza  to  the  micropylc, 
outer  walls  of  epidermal  cells  motlified  to  distinct  papillx.  seed- 
coat  thin,  membranaceous,  easily  removed  on  soaking  the  seed  in 
water,  the  raphe  extending  on  ihe  more  rounded  edge  as  a  more 
or  less  distinct  ridge  from  the  hilum  to  or  near  the  chalaza:  frac- 
ture short:  without  reserve  layers,  embryo  straight,  whitish,  hypo- 
cotyl conical,  2  to  3  mm.  long,  cotyledons  plano-convex,  sometimes 
slightly  unequal,  plumule  I  mm.  long;  odorless,  except  on  treat- 
ment with  water,  when  an  udor  of  hydrocyanic  acid  is  emitted,  or 
of  bcnzaldchydc  when  ol<I ;  taste  bitter. 

Inner  Structure. — See  Figs.  188;  302,  D;  319. 

38 
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CoNSTiTL-ENTS.— Fixed  Oil  45  pcf  cvHt. ;  proteins  25  to  30  per 
cent.:  a  glucoside,  amygdalin.  1  to  5  per  cent.;  and  a  ferment, 
ciniilsJn,  wliici)  acts  upon  amygdalin,  decomposing  it  into  a  vola- 
tile oil  (benzaldehydc  or  oil  of  bitter  almond »  and  hydrocyanic 
add.  In  addition  to  the  protein  emnlsin,  there  is  another  casein- 
like protein  present,  amandin,  both  of  which  act  as  emulsifying 
agents  in  the  preparation  of  emulsion  of  almonds. 
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Flu.  188.  Sections  of  almonc]  eectl:  A.  crw  sectioti  of  seed-coat  tmt«]  «nth  cold 
potassium  hydnlr  talution  and  tbowing  outer  cpidemus  (E>,  inner  epidcnnu  lEi).  bvtwoeo 
whicti  (s  rather  loose  [tarenchyms  (t>>.  tissun  of  nuccllui  (N)  and  cnilDsperm  (£ti>,  B. 
parmcliymB  (p)  with  lunfc  intercellular  s]mccs  and  the  inner  cpidmniB  of  the  seed-cost 
<Bij.  C.  transvcru  section  of  inner  e{A4t!rmti.  (Ei>  and  the  outer  c«11«  of  the  nucellua  (N>. 
D.  more  or  lc«s  oMitt^rattd  cells  of  nut^Ilut  (\')  and  t^'o  layen  tk  the  endo«{>eTm  (En), 
which  rcmftin  intact  in  the  tipe  sccd.~;Uter  Mejrr. 


AmvRdalin.  or  a  similar  principle,  is  found  in  the  young  shoots 
and  Howcr-bxids.  as  well  as  seeds,  of  apricot,  peach,  plum,  cherry 
and  cherry  laurel.     (Sec  Wild  lllack-chcrrv  Bark.) 

AMYODALA  DL"LCIS.— SWEET  ALMOND.— The  ripe 
seeds  of  Prunus  Amygilalits  dtilcis  (Fam.  Ro-'^acex).  a  tree  like 
the  bitter  almond  I)ut  more  extensively  cultivated.  The  commer- 
cial sujjply  is  obtained  from  Northern  Africa,  Southern  Erancc. 
Italy  and  Spain,  the  choicest  seeds  l>eing  imported  from  Malaga 
and  known  as  "'  Jonlan  almond.s  "  (p.  2Sj). 
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DESCRirTiON. — Closely  resembling  the  Iliitcr  Almond  but  giv- 
ing no  odor  of  hydrocyanic  acid  when  treated  with  water,  or  o£ 
benzaldchyde  when  old ;  taste  bland  and  sweet. 

Constituents. — Resembling  bitter  almond,  but  containing 
slightly  more  fixed  oil  (about  50  per  cent.),  and  being  free  from 
amygdalin. 

COLA. — KOLA. — The  kernel  of  the  seed  of  Cola  acuminata 
(Fam.  Slerculiaccae),  a  tree  indigenous  to  Guinea,  and  now 
extensively  cultivated  in  the  West  Indies  and  South  America. 
The  commercial  supplies  come  ])rincipally  from  Western  Africa 
and  the  West  Indies.  The  seed  obtained  from  the  West  Indies 
is  known  commercially  as  Uicliy  or  Bissy-bissy  nut.  The  ker- 
nels are  used  in  a  fresh  condition  or  the  cotyledons  are  separated 
and  dried  (p.  3^^3). 

De:scription. — Anatropous.  piano-convex,  polygonal,  three  to 
six-sided,  18  to  35  mm.  long  and  5  to  20  mm.  in  diameter;  exter- 
nally yellowish  or  yellowish-retl  when  fresh,  but  becoming  darker 
with  age  and  on  drying,  with  a  shallow  furrow  indicating  the  line 
of  union  of  the  two  cotyledons,  micropyle  forming  a  distinct  cleft 
at  one  end,  otherwise  nearly  smooth;  easily  cut  when  fresh,  but 
hard  when  drj' ;  without  reserve  layers,  cotyledons  unequal  and 
varying  from  two  to  five  in  number,  the  hypocotyl  small ;  odor 
distinct ;  taste  astringent,  somewhat  sweet. 

Constituents. — Starch  35  to  40  per  cent.,  the  grains  resem- 
bling those  of  potato  starch  but  uniformly  smaller:  caffeine  1.5 
to  3.6  per  cent. ;  theobromine  0.02  to  o,oy  per  cent. ;  1.5  to  4  per 
cent,  of  a  tannin ;  an  enzyme  similar  to  the  lipase  found  in  nutmeg 
and  black  pepper  which  decomposes  fats. 

Caffrink  or  thcine  (trimeth>l  xanthine  or  methyl  theobro- 
mine) also  occurs  in  coffee  (p.  380),  tea  (p.  334).  cacao  (p.  332) 
and  Paraguay  tea  (p.  ^22).  It  separates  in  the  form  of  acicular 
crystals  having  a  bitter  taste,  is  s<iIuIjIc  in  water  ami  alcohol,  the 
solutions  being  neutral ;  and  may  be  sublimed  without  decomposi- 
tion on  heating.  On  treating  a  small  quantity  of  caffeine  with  a 
few  drops  of  nitric  acid  or  chlorine  water  and  evaporating  the 
solution  to  dryness  on  a  water  bath  the  red  dish -ye  I  low  residue 
is  colored  purplish  by  ammonia.  A  similar  reaction  is  also  ob- 
tained by  treating  the  alkaloid  with  hydrochloric  acid  and  a  crystal 
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of  potassium  chlorate,  evaporating  the  solution  and  adding  a  drop 
of  ammonia  water  to  the  residue. 

Theobkomine  (dimethyl  Nanthine)  al&o  occurs  in  cacao  (p. 
332)  and  crystallizes  in  rhombic  prisms,  which  arc  sparingly 
soluble  in  water  and  alcohol,  the  solutions  being  slightly  acid.  It 
sublimes  on  heating  without  decomposition,  and  forms  crystalliz- 
able  salts  with  mineral  acids,  wliich  are  readily  decomposed  with 
water.  Theobromine  on  treatment  with  methyl  iodide  yields 
calTeine.  Both  caffeine  and  theobromine  are  also  prepared  svn- 
thelically. 

Fresh  kola  nuts  also  yield  from  0.3  to  0.4  per  cent,  of  a 
crystalline  tannin-containing  substance,  kolatin,  which  is  com- 
bined with  the  caffeine  as  kolalin-caffeine.  The  latter  is  unstable 
and  is  easily  decomposed  on  curing  or  drying  the  drug.  Kolatin 
resembles  pyrocatcchin  in  its  reactions  and  appears  to  neutralize 
the  pi lysio logical  action  of  caffeine,  and  hence  the  dried  kola  nuts 
are  more  active  than  the  fresh  nuts. 

The  red  color  in  dricfl  kola  seeds  is  due  to  an  oxydase  similar 
to  tlial  which  causes  the  darkening  of  apples  when  freshly  cut  and 
exixjseti  to  the  air.  If  the  seeds  are  first  healed  in  boiling  water 
for  30  minutes  and  then  dried  they  do  not  darken. 

Alliki)  Plants.' — The  n-eds  of  a  number  of  other  plants  arc 
said  to  be  sometimes  admixed  with  kola,  and  of  these  the  follow- 
ing may  be  mentioned :  Cola  Bnllayi.  a  plant  growing  in  the 
Gaboon,  the  seeds  of  which  contain  six  cotyledons  and  are  defi- 
cient in  alkaloids.  The  seeds  of  Ga/cinia  Cota  (Fam.  Gultifersc) 
have  been  suhstituted  for  Cola  under  the  name  of  "  Staminate 
Cola."  These  seeds  do  not  contain  caffeine,  but  two  resins  which 
seem  to  have  a  physiological  effect  similar  to  Cola.  The  seeds  of 
Pcnladcsma  butyraccum,  of  Sierra  Leone,  have  also  been  used  as 
a  substitute  for  Cola;  they  contain  a  fat.  having  a  turpentinc- 
Hke  odor,  which  is  used  hy  the  natives  in  place  of  butter,  and 
hence  the  tree  is  known  aji  the  "  Rutter  or  Tallow  tree." 

NL'X  VOMICA. — The  dried,  ripe  seeds  of  Strychnos  N'ux- 
vomica  f  Fam.  Loganiaccse).  a  small  tree  native  of  the  East  Indies 
and  also  found  growing  in  the  forests  of  Ceylon,  on  the  Malabar 
Coast  and  in  Northern  Australia.  The  fruit  is  a  kind  of  berry 
with  from  three  to  five  see<ls,  which  are  freed  from  the  bitter 
pulp  by  washing,  and  dried  before  exportation  (p.  362). 
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DF-SrRiPTiON. — Orbicular,  compressed,  concavo-convex,  some- 
times irregularly  bent,  margin  acute  or  rounded.  17  to  50  mm.  in 
diaiTietcr,  3  to  5  mm.  thick ;  externally  grajish-yellow  or  grayish- 
green,  covered  with  long  hairs  giving  the  seed  a  satiny  luster, 
sometimes  witli  adhering  dark-brown  fragments  of  the  fruit  puJp, 
hiluni  near  the  center  of  one  side,  and  a  more  or  less  distinct 
ridge  resembling  a  raphe  extending  from  it  to  the  micropyle;  very 
hard  when  dry,  tough  when  damp;  internally  whitish,  bomy,  endo- 
sperm in  two  more  or  less  regular  concavo-convex  halves,  embryo 
small,  situated  near  the  micropyle.  and  with  two  heart-shaped 
cotyledons;  inodorous;  taste  intensely  and  persistently  bitter. 

Inner  Structure. — Sec  P'igs.  173.  283,  B;  318. 

Constituents. — Ash  i  to  4  per  cent. ;  igasuric  acid,  which  is 
related  to  tannic  acid,  gives  a  green  color  with  ferric  salts  and 
exists  in  the  seeds  in  combination  with  the  alkaloids;  1.5  to  5  per 
cent,  of  alkaloids  consisting  of  strychnine  and  brucinc.  llic  former 
comprising  from  one-third  to  one-half  of  the  total  amount. 
Strychnine  crystallizes  in  rhombic  prisms  and  gives  with  con- 
centrated sulphuric  acid,  in  connection  with  potassium  dichromate, 
a  blue  or  violet  color,  lirucinc  forms  rectangidar  octohedra  and 
gives  a  deep-red  color  with  nitric  acid.  A  glucoside,  loganin,  is 
proscnt  in  the  seeds  in  small  amount,  but  it  is  found  in  the  pulp  of 
the  fruit  to  the  extent  of  5  per  cent,  The  alkaloids  are  prolmhly 
distributed  in  both  the  cell-contents  and  cell  wall.  Their  presence 
in  the  wall  is  shown  by  the  use  of  iodine  sohition  and  in  the  con- 
tents by  the  use  of  potassium  dichromate  and  sidphuric  acid.  The 
thick  cellulose  walls  give  the  hard,  horny  character  to  these  seeds 
(Fig.  173).  as  also  the  date  seed.  .\  small  amount  of  starch  is 
found  in  the  fragments  of  adhering  pulp.  The  seeds  are  some- 
times made  to  look  fresh  by  the  use  of  a  blue  dye  which  is  soluble 
in  dilute  alcohol. 

Ai,LiF.ti  Pi..\nts. — The  seeds  of  Stryehnos  Igmtii,  a  woody 
climber  of  the  Philippine  Islancls.  contain  al»out  the  same  amount 
of  total  alkaloids  as  nux  vomica,  of  which  one-third  to  two-t!iirds 
is  strychnine.  The  seeds  are  irregtdar.  somewhat  oblong  or  ovoid» 
pebble-Iikc,  20  to  30  mm.  long,  grayish  or  brownish-black,  more 
or  less  translucent,  and  arc  nearly  free  from  ligni6ed  hairs,  such 
as  arc  found  in  nux  voniica. 
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PHYSOSTIGMA.— CALABAR  BE.\N.— The  ripe  seeds  of 
Ptiysostigma  fcttenosttm  ( Fam.  L^guminosie),  a  wcxxly  climber 
g^wing  in  the  region  of  the  Gulf  of  Guinea  on  the  western  coast 
of  Africa  (p.  298).  The  seeds  are  also  known  as  "  the  ordeal 
bean  of  Calabar  "  (Fig.  189). 

Desckm'tion. — Anatropous,  somewhat  reniform  or  irregularly 
oblong  or  ellipsoidal.  25  to  30  mm.  long.  15  to  18  mm.  in  diam- 
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>  Pio.  189.     Physcstigma  vmtnosmm:    A,  flowering  brancb;     6,   a  Btnele   flower ;    C, 
■  *bi>win«  ovary  uul  part  u(  the  calyx;   D,  ealiusod  vteir  of  stylo  and  ttismk;  B, 
kcnme:  P.  wed. — After  Bmliey  and  Trinwo. 


eter,  lo  to  15  mm.  thick,  with  a  brownish-black  groove  from  i  to  2 
mm.  in  diameter  extending  about  half-way  around  the  edge,  con- 
taining the  raphe  as  a  narrow  line,  and  in  which  is  frequently 
found  the  remains  of  the  white  membranaceous  funiculus,  the 
micropyle  occurring  near  one  end  of  the  groove  as  a  slight  dqircs- 
sion;  seed-coat  brownish-red.  hard,  thick,  smooth,  but  somewhat 
rough  near  the  groove;  reserve  layers  wanting,  embrjo  large, 
white,  with  short  hypocotyl  and  two  concavo-convex  cotyledons; 
inodorous ;  taste  starchy. 
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Constituents. — Starch  about  45  per  cent. ;  proteins  about  20 
per  cent. :  fixed  oil  about  2  per  cent. ;  ash  about  3  per  cent.  Sev- 
eral alkaloids  have  been  isoIatc<l,  the  most  important  of  wlilch  is 
physosligtiiine  ^eserine),  which  occurs  in  the  embryo  to  the  extent 
of  0.1  to  .25  per  cent.  It  crystallizes  in  rhomboidal  plates;  has  a 
strong  alkaline  reaction,  is  colored  red  with  alkalies  and  yellow 
with  sulphuric  or  nitric  acid.  With  the  latter  reagent  the  solu- 
tion changes  to  olive-green.  The  aqueous  solutions  of  physostig- 
mine  arc  ca.sily  dccf)miK)sed  and  a  reddish  colored  substance, 
ruhrescrinc.  separates.  The  salicylate  and  sulphate  of  physostij?- 
mine  are  official,  the  solutions  of  the  former  being  more  stable. 
Physostigma  also  contains  eseridine  (isophysosligmine).  an  alka- 
loid resembling  pliysostigniine  in  its  physiological  action ;  a  liquid 
alkaloid,  calabarine,  which  is  physiologically  antagonistic  to  phy- 
sostiginine,  and  a  crystalline  alkaloid,  eseramine,  which  is  inactive. 

Allied  Plants. — The  seeds  of  P.  cylituirosf>cnjium  have  been 
substitnteil  for  Calabar  bean ;  they  are  nearly  cylindrical  and  are 
said  alsd  to  contain  physosligniine. 

The  lenticuhir.  bujwn,  gU>ssy  seeds  of  Entada  scandcns  liave 
been  offered  as  a  substitute  for  physostigma.  Caiiaz'alia  obtust- 
folui.  of  the  Kast  Indies,  is  also  said  to  have  been  used  as  an 
adulterant  of  physostigma. 

MYRISTICA— N'UTiMEG.— Ttie  kernel  of  the  seed  of  My- 
ristica  fra^rans  (Fam.  Myristicaccse).  a  tree  indigenous  to  the 
Molucca  and  neighboring  islands,  and  now  extensively  cultivated 
in  other  tropica!  regions,  incluiling  the  West  Indies.  The  com- 
mercial supply  is  largely  derived  from  the  Malay  Archipelago, 
from  whence  it  is  shipped  to  Amsterdam  anil  London,  The  testa 
and  arillode  arc  rcinovetl,  the  latter  constituting  m.vck.  With  the 
exception  of  those  from  Penang,  nutmegs  are  not  infretiucntly 
partially  coated  with  lime  to  protect  them  from  the  attacks  of 
insects  (p.  277). 

Deschii'TION. — Ellipsoidal,  20  to  30  mm.  long,  15  to  20  mm.  in 
diameter;  externally  light  brown,  usually  whitish  from  a  dressing 
of  lime,  reticulalely  furroweil.  at  one  end  a  white,  smooth  pro- 
jection 3  to  5  mm.  in  diameter,  in  the  center  of  which  is  the  micro- 
pyle,  the  chalaza  indicated  near  the  other  end  by  a  slight,  dark 
depression,  from  which  there  extends  a  more  or  less  distinct  fur- 
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row  indicating  the  position  of  the  raphe;  easily  cut,  the  surface 
having  a  waxy  luster,  and  mottled  hy  reason  of  the  light-brown 
perisperni  penetrating  into  the  yellowish-brown  endosperm,  (he 
shrunken  embryo  lying  in  an  irregular  cavity  about  4  or  5  mm. 
long,  near  the  micropyle;  odor  and  taste  aromatic  and  pleasant. 

CoxSTiTUEN'TS. — Fixcd  oil,  sometimes  occurring  in  prismatic 
crystals.  2^  to  40  jwr  cent.;  volatile  oil  8  to  15  per  cent.  I'he  oil 
is  official  as  oleum  myristicse  and  contains  myristicin  and  a  numi 
ber  of  ter]>en('s.  Nutmegs  also  contain  considerable  proteins  and 
starch,  the  latter  being  coloni!  bhie  by  ioiline  solutions. 

Au.iED  Plants. — Other  species  of  Myristica  yield  nutmegs 
which  are  used  by  the  natives,  as  M.  succedanea  of  Timor.  M. 
fatua  of  the  Indian  Archipelago,  and  Af.  Kombo  of  Guinea.  The 
kernels  of  the  seeds  of  M.  fatua  constitute  the  i.oxg^  wild,  or  male 
Ni'TMEC.  They  are  narrow-ellipsoidal,  feebly  aromatic  and  have 
a  more  or  less  disagreeable  lastc.  The  seeds  of  M.  ofHcinalis  and 
-W.  Bictthyba  of  Brazil  have  medicinal  properties,  a  balsam  being 
obtained  from  the  latter,  which  is  used  as  a  substitute  for  copaiba. 
The  so-called  African  nutmegs  derived  from  M.  surinamcnsis  of 
the  West  Indies  soon  lose  their  odorous  properties.  M,  sebiffra 
of  Guiana  yields  a  fatty  oil  which  has  but  little  otior  of  nutmeg. 
Fatty  and  ethereal  oils  resembling  those  of  nutmeg  are  found 
in  the  "  American  nutmegs  "  obtained  from  Cryptocarya  moschata 
(Fam.  I-aurace;e)  of  Brazil. 

Adli.teuants. — False  nutmegs  consist  of  exhausted  powdered 
nutmegs  or  defective  nutmegs  and  mineral  matter. 

nOSSYPTUM  l^URIFICATUM.— PURIFIED  COTTON. 
The  hairs  of  the  seeds  of  Gossypimn  hirsutum.  G.  barbadense, 
and  other  species  of  Gossypium  (Fam.  Malvaceae),  biennial  or 
triennial  shrubs  indigenous  to  sub-tropical  Asia  and  Africa,  and 
cultivated  in  all  irojjieal  and  sttb-tropica!  countries  (Fig.  166). 
The  seeds  are  hand-picked,  freed  from  dust  by  screens  or  drums, 
ami  the  cotton  removefl  in  the  cotton-gin.  Tt  is  tlien  freed  from 
mechanical  impurities,  deprived  of  fatty  and  other  substances  and 
finally  bleached.  It  is  estimated  that  1000  million  K.  of  cotton  are 
produced  annually.  T.nng  staple  or  sea-island  cotton  is  obtained 
from  G.  hirsutum,  while  short  staple  or  upland  cotton  is  derived 
from  G.  barbadetuc  (p.  329). 
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Description. — A  white,  soft  lufccd  mass,  consisting  of  some- 
what flattened,  twisted  and  spirally  striate,  i-celled,  non-glandular 
hairs,  from  2.5  to  4.5  cm.  long ;  inodorous  and  tasteless. 

Absorbent  cotton  is  soUible  in  annnoniacal  solution  of  cupric 
oxide,  yields  less  than  i  per  cent,  of  ash,  and  on  treating  it  with 
water  the  solution  ."^hoidd  have  a  neutral  reaction  and  not  give  any 
reaction  with  ammonium  carl)onatc,  barium  chloride,  mercuric 
chloride  or  silver  nitrate. 

Adulter.^nts. — Various  substances  may  be  added  to  absorbent 
cotton  to  increase  the  rate  of  absorption  of  water,  as  chlorides  of 
calcitun,  magnesium  and  zinc,  glycerin  and  glucose;  as  loading 
materials,  barium  and  calcium  salts,  and  clay  are  added  to  inferior 
grades  of  the  article. 

'ITie  hairs  from  immature  seeds  are  tcnown  as  "  dead  cotton  " 
and  are  distinguished  by  having  very  thin  walls,  a  thin  outer 
layer  of  cutin,  but  lack  the  essential  properties  for  technical  uses. 

GUARANA. — A  dried  paste  consisting  of  the  crushed  seeds 
of  Pattilitiia  Cupana  (Fam.  Sapindacea:),  a  climbing  shrub  native 
of  Brazil  and  Uruguay.  The  commercial  product  is  obtained  from 
cultivated  plants.  The  ripe  seeds  are  deprived  of  the  appendage 
or  aril,  crushed,  made  into  a  doughy  mass  with  water,  sometimes 
tapioca  being  added  !o  increase  the  adhesiveness,  molded  into 
forms  and  dried  at  a  gentle  heat.  During  the  drying  the  mass 
undergoes  a  kind  of  curing.  Considerable  skill  is  required  in 
supervising  the  operation,  which  is  performed  by  special  work- 
men. In  addition  to  its  use  in  medicine,  Guarana  is  used  in  the 
preparation  of  a  beverage  which  is  used  like  tea  and  coffee  by  the 
people  of  Brazil  (p.  ;V4)- 

Desckiption. — Cylindrical  sticks,  15  to  30  cm.  long,  35  to  50 
mm.  in  diameter;  externally  blackish-brown,  surface  marked  by 
depressions,  but  otherwise  smooth ;  hard,  heavy  and  brittle,  the 
fracture  being  uneven ;  internally  light  brown  to  reddish-brown, 
somewhat  variegated  from  the  fragments  of  contused  seeds ;  odor 
slight ;  taste  astringent,  bitter, 

CoNSTiTVENTS. — Caffeine  2.5  to  5  per  cent:  tannin  (catcchu- 
tannic  acid)  aliout  25  per  cent;  ash  about  2  per  cent.  Guarana 
also  contains  considerable  starch,  a  small  amount  of  catechin.  a 
volatile  oil,  an  acrid,  green  fixed  oil,  and  s;iponin.  (Also  see  Cola.) 
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MACIS. — MACE. — The  arillixie  of  the  seed  of  Myristica 
fragrans  (Fam.  Myristicacea:).  (Sec  Nutmeg.)  According  to 
Warburg  the  arilloile  arises  in  the  region  of  the  hilum  before  Uie 
flower  opens  and  fertilization  is  eflfected  (p.  277). 

Df-scription. — In  coarsely  reticulate  bands  about  i  mm.  thick. 
the  whole  having  the  outline  of  the  nutmeg,  the  basal  portion 
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Piu.  if^.  Mkce:  E,  epidvrmHl  cells,  which  tn  tnutsvcrve  section  an  ncvly  Uodia- 
mctnc,  bat  in  loositDdinat  s4>ciion  am  flons%t«d.  «oiT)«tiines  beinE  i  mm.  in  Itngth;  P. 
pBrmchynift  cclb  willi  sniall  starch  gnics  which  ttte  txituml  rctlduh  wilh  iotluic;  Z,  laqte 
1x1  c«U>  fthowing  oil  filobules  and  protoplasnic  contents  lining  the  waU«',  T,  tnchev;  &, 
■nuU,  iirettulAT  »tarvh  j^rains. 

united,  but  with  a  small,  irregular  opening ;  usually  in  compressed, 
nearly  entire  pieces,  reddisli  or  orange-brown,  somewliat  translu- 
cent, brittle  when  dry ;  odor  and  taste  aromatic. 

Inner  Strvctltre. — See  Fig.  190. 

CoN'STirrKNTS. — An  aromatic  balsam  24.5  per  cent.;  volatile 
oil  4  to  7  per  cent,  and  resembling  that  obtained  from  nutmegs 
but  containing  a  larger  percentage  of  terpcnes;  fixed  oil,  and  con- 
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sidcrable  starch,  which  is  colored  red  by  iodine  solution,  distin- 
guishing it  from  nutmeg  starch.  Mace  also  contains  from  2  to  4 
per  cent,  of  a  dextrogyrate  sugar. 

True  mace  should  yield  from  20  to  30  per  cent,  of  non-volatile 
ether  extract,  from  20  to  30  per  cent,  of  starch,  and  not  more  than 
3  per  cent,  uf  ash. 

ALLiiiu  I'uANTS. — Macassar  or  Papua  mace,  derived  from 
Myristica  argenlea,  is  somewhat  darker  and  with  broader  seg- 
ments than  true  mace.  It  gives  a  chcrrj-rcd  color  with  concen- 
trated sulphuric  acid,  is  very  pungent  and  yields  over  50  per  cent, 
of  non-volatile  ether  extract,  and  less  than  10  per  cent,  of  starch. 

Bombay  mace,  or  wild  mace,  is  the  product  of  Myristica  malo- 
barica;  it  is  distinguished  from  true  mace  in  that  the  entire  mace 
is  narrow -ellipsoidal,  the  reticulations  are  not  so  coarse,  the  apex 
is  divideil  into  numerous  narrow  lobes,  and  it  is  darker  in  color. 
With  alkalies  or  sulphuric  acid  wild  mace  assumes  a  darker  color 
than  the  true  mace  does.  It  is  slightly  aromatic,  but  has  little 
value  as  a  spice,  and  yields  nearly  60  per  cent-  of  non-volatilc 
ether  extract. 

H.   ROOTS  AN'I>  RHIZOMES. 

Roots  and  rhizomes  represent  those  parts  of  plants  which 
develop  under  ground,  the  latter  having  all  of  the  characteristics 
of  stems  except  their  manner  of  growtli.  Most  drugs  derived 
from  roots  and  rhizomes  possess  the  typical  characteristics  of 
these  plant  parts,  the  commercial  products  being  readily  distin- 
guishable as  such.  There  are  some,  however,  that  are  more  or 
less  intermediate  in  character,  and.  while  commonly  spoken  of  as 
roots,  they  are  in  reality  modifications  of  the  stem,  at  least  in 
part,  as  aconite,  gelsemium.  glycyrrhiza  and  rhubarb.  For  this 
reason,  and  in  order  to  facilitate  their  study,  roots  and  rhizomes 
are  here  considered  :n  one  class,  which  is  sulxlivided  as  follows: 
(I )  True  Roots;  (2)  Rhizomes  that  arc  root-like,  at  least  in  part; 
(3)  True  Rhizomes;  (4)  Corms ;  (5)  Hulhs. 

Some  of  tile  roots  and  rhizomes  that  arc  employed  in  medi- 
cine arc  prepared  for  market  by  removing  a  part  of  the  periderm ; 
in  a  general  way  this  treatment  is  objectionable,  jiarticularly  in 
the  case  of  those  drugs  containing  volatile  principles,  as  these 
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exist  in  greatest  amotint  in  the  cortical  portion,  and  the  periderm 
serves  to  prevent  the  volatilization  as  well  as  deterioration  of  these 
principles. 

Rhizomes  are  distinguished  as  upright,  horizontal  or  oblique, 
depending  upon  their  manner  of  growth,  and  this  may  be  deter- 
mined in  the  drug  by  placing  the  rhizome  in  such  a  position  that 
the  stem-scars  arc  horizontal. 


I.  True  Roots. 

I.  Monocotyledons Sars^iparilla 

a.  Dicotyledons, 

A.  Periderm  removed Althaea 

B.  Periderm  present. 

a.  Roots  nearly  entire. 

Tuhcr-Hlte   Jalapa 

Long,  thin  and  of  a  reddish  color Krameria 

Fusiform,  very  acrid Pyreihrum 

Keeled,  crown  knotty „ Senega 

Fusiform,  smalt,  ydlowisli  central  wood.  .Taraxacum 
h.  Roots  cut  into  transverse  pieces. 

Yellowish -green  disks .Calumba 

Concentric  zones  of  collateral  fibrovascular 

bundles Pareira 

Bark  "inft,  si>"-»ngy  .ind  finely  fibrous Stillingia 

Very  light  in  weiglit,  wood  large  with 

6bcrs  interlacing    Sumbul 

C,  Roots  cut  into  longitudinal  pieces. 

Characteristic  ndnr  and  taste Belladonnae  Radix 

Horny,  tough,  pith  white Lappa 

Ribbon-Iikc  slices,  very  Bhrous Phytolacca 

d.  Roots  more  or  less  broken  into  pieces. 
Bark  transversely  fissured  and  easily 

separable   from  the  wood Apocynum 

Somewhat  tortuous,  bark  irregularly 
annulate  and  sometimes  transversely 
fissured Ipecacuanha 

n.  Rhixomes  that  are  Root-like. 
A.  Periderm  removed. 

Yellowish,  fibrous,  taste  sweetish GIycyrrhi*a  (Russian) 

Reddish-brown,  heavy,  granular Rheum 
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II.  Rhizomes  that  are  Root-like. — Continued. 
B.  Periderm  present 

Tuber-like    Aconitum 

Cylindrical,  fracture  tough,  wood  whitish Gelsemium 

Cylindrical   pieces,   tough,   wood   yellowish Berberis 

Annulate  above,  odor  characteristic Gentiana 

Fibrous,  taste  sweetish Glycyrrhiza  (Spanisn) 

III.  True  Rhizomes. 

1 .  Filices  See  Aspidium 

2.  Monocotyledons. 

A.  Periderm  removed   Zingiber 

B.  Periderm  present. 

a.  Rhizome  and  roots. 

a  Horizontal  in  growth. 

Light  brown,  few  roots Convallaria 

Dark  brown  with  densely  matted 

roots   Cypripedium 

Small  pieces,  grass-like,  hollow 

in  the  center  Triticum 

j8  Rhizome  upright Veratrum  Viride 

b.  Rhizome  without  roots Calamus 

3.  Dicotyledons. 

a.  Rhizome  with  roots. 

o  Rhizome  horizontal. 

Numerous  upright  or  curved  branches 

and    few    roots Ctmicifuga 

Internally   deep   yellow Hydrastis 

Light  brown  and  with  numerous  coarse 
roots    Leptandra 

P  Rhizome  oblique. 

Odor  terebinthinate   Serpentaria 

Odor    aromatic    Spigelia 

7  Rhizome   upright    Valeriana 

b.  Rhizome  without  roots. 

a  Entire  rhizomes. 

Tuberculate Geranium 

Prominent   seal-like   stem-scars Podophyllum 

Internally  with  reddish  resin  cells Sanguinaria 

/3  Longitudinal    pieces    Scopola 

IV,  Corm. 

Transverse  reniform  dhks   Colchici  Cormus 

V.  Bulb, 

Narrow,  light  yellow  pieces Scilla 
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SARSAPARILLA.— The  dried  root  of  various  species  of 
Smilax  (Kam.  Liliacex),  perennial  climbers  indigenous  from 
Mexico  to  Brazil  (p.  238).  There  are  tmir  principal  commercial 
varieties:     (1)  Honduras  sarsaparilla  yielded  by  Smilax  offici- 

B  * 
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Fir.,  t^i.  DtRerent  Idnda  of  trachct?-  A,  txantivcrw;  section  of  stem  of  grape-vinB 
V/Uis  vinifrra)  showins  ihtwe  crach«»  from  the  older  Wfxxl  coQiainmjt  tvlowa.  w,  wood 
fibcrim  medullary  r-ayn  TbetvlMe*"""  ihylle-n,  •rein  thcnalureol  inicroirtlM  from  tbe  wood 
fibers  an.!  (irotTurfe  thnjuah  the  net  joining  pore*,  ftt  the  end  of  the  spawn's  8**""^  clowoe 
)hf!  CA\-iii<ri  of  ihf  iTacliea;  B,  looKi ' u'lma'  xction  of  belladonna  root  iiho win k  a  larse 
TAchea  n-iOi  Iwir-lrn-rl  porrt  U).  a  trachea  w'th  tiniple  r>orc8  <■>.  wood  fiber  with  obHqtte 
pore*  'i«-i  Ami  pArenrhi-ma  <i>)  nintainiTiR  starch.  C.  longitudinal  sectioQof  phyttilaccn  iwol 
■hownntm  iraciien  vdxY.  hordMTfl  noresdi.  trachea  «-ith  reticulate  thickeninufr).  wiiod  fibers 
<w}  and  luirrnrhynia  (T'l  cr-Titaintnjistarch.  D,  loniritudinal  wction  of  scopola  rhijiome  show- 
inn  reticulate  irachrn-  and  pareiMhyma  oontwiumt  aurch. 

nalis.  growinp  in  Guatemala.  Honduras  and  Nicaragua,  and 
cxiKtrled  from  ilonduras  and  Uelize :  (2)  Paka  sarsaparilla, 
^yielded  by  SmUax  papyracea.  growing  in  the  upper  Amazon 
reijjon,  and  exported  from  Para:  (3)  Mexican  sarsaparilla. 
yieldid  by  Smilax  meJica  (Tig.  131),  growing  in  Mexico,  and 
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exported  from  Vera  Cniz  and  Tanipico,  and  (4}  Jamaica  or 
Central  American  sarsaparilla,  derived  from  Smilox  ornata,  grow- 
ing in  tlie  United  States  of  Colombia.  Costa  Rica  and  Nicaragua, 
and  shipped  to  Jamaica,  from  whence  it  is  exporletl — chiefly  to 
London.  Tlicre  is  also  a  native  Jamaica  sarsaparilla  which  is 
obtaine<l  from  plants  cultivated  in  Jamaica.  'ITie  Honduras  and 
Mexican  varieties  are  chiefly  used  in  this  countn-.  altliougli  l^ara 
sarsaparilla  has  been  employed  to  a  certain  extent  for  j'ears. 

Deschm'tion. — iroNDUHAS  Saksai'AKIij.a. — In  bundles  altoul 
I  M.  in  length  and  from  8  to  15  cm.  in  diameter,  consisting  of 
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Fio.  10a.  Tnnsvene  MCiioti  of  American  sanapiirilla  (rhimmrof  Mro/io  NiitJrmu/u) 
■howios  curie  (k),  hypod«rmJs  lh>.  rtMettcasarvsates  (za\  of  caldum  oxalnt«  175  **  in  (iiani> 
etci).  parenchynH  Ip)  conuUnirit  Mutulu*  slarch  cruinx  (*  to  10  f>  in  ijiunirtcr),  uil  Bccrvtioii 
rewrvoin  (o),  neve  (■■>.  raedulluy  raya  (m),  cunbium  (c),  tr»chc«  U).  wood  liben  (w]. 

the  long,  folded  roots,  and  rhizomes,  bound  together  by  roots  of 
the  same  plant  or  stems  of  some  other  plant,  the  ends  of  the 
bundles  being  trimmed  in  some  cases  (Figs.  191,  194);  roots 
about  2  M.  long  and  uniformly  about  2  to  6  nmi.  in  diameter; 
externally  dark  or  reddish-brown,  longitudinally  furrowed, 
minutely  hairy  and  having  slender  rootlets,  the  furrows  usually 
free  from  soil:  fracture  fibrous:  internally  consisting  of  a  white 
pith,  a  lig^t-yellow.  porous,  central  cylinder  and  a  grayish -white  or 
dark-brown  cortex,  the  latter  being  lighter  and  more  starcliy 
near  the  growing  end,  and  darker  (more  resinous)  near  the  union 
with  the  rhizome:  odor  slight;  taste  slightly  acrid  (Fig.  193). 
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The  cells  of  the  entlodermis  and  hypodennis  are  oblong  in 
transverse  section  and  nearly  uniformly  thickened    (Fig.  194). 

Mexican  Sarsaparilla. — In  bundles,  with  the  roots  more  or 
less  free  (Fig.  191 )  ;  the  latter  grayish-brown,  somewhat 
shrunken,  the  furrows  containing  larger  or  smaller  amounts  of 


mm 


Pto.  104.  I.  tnruvcrse  section  of  Konduru  sojsapfthUtt  sbowiiur  the  bypodemud 
celU  (e)  with  cork  lametlir  (k);  j,  nmilu  Kction  of  Mencks  MrupanUa;  i,  Iraruvcnc 
section  of  Hon'jufas  unapAhlU  atiowinit  cnilodennol  c«1U  (e)  with  corit  UnwUx;  (k>  *o<] 
LicnifLcd  walb  (H^  *,  similar  KCtiun  of  Mexican  umsporilU  ihawmg  ciuIoUennKl  cells  (B), 
— After  Mcyw. 

soil.  The  outer  walls  of  the  cells  of  the  hypodermis  and  the  inner 
walls  of  the  cells  of  the  endoderrais  are  considerably  thickened 
(Fig.  194.) 

Para  Sarsaparilla. — Gosely  resembling  Honduras  sarsapa- 
rilla in  structure,  but  coming  into  market  in  the  form  of  large 
bundles  (Fig.  191 ),  closely  bound  by  means  of  the  stem  of  a  vine, 
and  the  ends  evenly  trimmed. 
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of  bark  tough,  6brous,  of  wood  short  and  granular;  internally 
light  brown,  finely  radiate,  bark  0.5  to  2  mm.  thick,  and  ca.*;!!/  sep- 
arable from  the  wood,  cambiwni  zone  markt'd  by  a  distinct  brown 
line,  wood  porous;  odor  faint,  aromatic;  taste  sweetish,  mncil- 
aginous  (Fig.  99,  B). 

CoNSTiTUENTS.^Mucilage  25  to  35  per  cent. ;  asparagin 
(amido-siiccinamide)  i  to  2  per  cent.,  which  occurs  in  hard  crys- 
tals witli  an  acid  reaction,  insoluble  in  alcoliol  but  soluble  in  50 
parts  of  cold  water ;  slarcli  about  35  per  cent. ;  pectin  about  10 
per  cent.;  sugar  about  10  per  cent.;  ash  about  5  per  cent.  An 
infusion  of  aithiea  is  colored  bright  yellow  with  dilute  solutions  of 
the  alkalies. 

Allied  Plants. — The  roots  of  a  number  of  other  genera  of 
ibis  family  are  used  for  similar  purjwses,  as  those  of  Kostclctsyka 
pcnfacarpa  of  Southern  Europe;  Hibiscus  Bancroftianus  of  the 
West  Indies;  Malvuz'tscus pcutacarpus  of  Mexico:  //.  Rosa  Sinen- 
sis of  tropical  Asia  and  cultivated  ;  Althtra  rosea  of  the  Levant  and 
cultivated;  and  Sida  ozvUs  of  Peru.  Mucilage  is  also  found  in 
the  flowers  and  leaves  of  one  or  more  species  of  Malva,  Sida, 
Pavonia,  Hibiscus,  Pachira  and  Eriodendron. 

JALAPA. — ^JALAP. — The  tuberous  root  or  tubercle  of  Ero- 
gonium  Purga  (Fam.  Convolvulaceae),  a  perennial  twining  herb 
(p.  365)  native  of  the  eastern  slopes  of  the  Mexican  Andes,  and 
cultivated  in  Jamaica  and  India.  The  roots  are  collected  in  the 
fail  and  dried  by  artificial  means,  the  larger  ones  being  first  cut 
into  longiuidinal  pieces.  Mexico  furnishes  the  principal  part  of 
the  commercial  supply,  which  is  exported  from  Vera  Cruz. 

DESCKimoN. — Fusiform,  irregularly  ovoid  or  pyriform,  upper 
end  more  or  less  rounded,  lower  end  obtuse  or  slightly  acuminate ; 
3  to  8  cm.  long,  i  to  5  cm.  in  diameter ;  externally  dark  brown, 
deeply  and  irregularly  furrowed  longitudinally,  otherwise  nearly 
smooth  or  wrinkled,  with  numerous  lenticels  2  to  4  mm.  long  and 
few  circular  rootlet-scars;  fracture  horny  and  resinous;  intcrnaUy 
dark  brown  and  marked  by  more  or  less  distinct,  secondary,  concen- 
tric cambium  zones;  odor  fruity;  taste  starchy  and  slightly  acrid. 
Tubercles  which  have  a  specific  gravity  less  tlian  1.275  and  are 
white  internally  should  be  rejected. 
Inner  Stkccture. — Sec  Fig.  195. 
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Allied  Plants. — Tun>cth  root  or  Indian  Jalap  is  the  root  of 
OpcrcuUmi  Turpiuhum,  a  j>lant  growing  in  the  Blast  Indies.  It 
contains  a  resin  consi!>ting  chiefly  of  turpethin  and  turpctlicin, 
a  glucosidal.  ether-solnble  resinoid  substance. 

Male  Jalap  or  Orizaba  is  tlie  root  of  Ipomaa  orizabcnsxs,  a 
plant  indigenous  to  Mexico.  The  dmg  consists  of  the  cnltre, 
spindle-sliaped  roots,  or  of  more  or  less  rectangular  pieces,  and 
contains  about  lo  per  cent,  of  scammonin. 

Ipomcca  simulans,  indigenous  lo  the  eastern  slope  of  the  Mex- 
ican Andes,  yields  the  Tanipico  jalap,  wliich  is  more  or  less  uni- 
form in  thickness,  somewhat  tortuous,  anil  without  any  Icnticels; 
it  contains  about  lo  per  cent,  of  resin,  which  is  completely  soluble 
in  ether  and  resembles  scammonin. 

Wild  jalap  is  the  tuberous  root  of  ipomcca  pandurata,  a  plant 
growing  in  the  Eastern  and  Southern  United  States.  It  contains 
1-5  per  cent,  of  an  active  resin. 

KRAMKRIA.— RHATANY.— The  dried  root  of  various  spe- 
cies of  Krameria  (Fam.  Lcguminosae),  shrubs  (Fig.  154)  indig- 
enous to  South  America.  Mexico  and  the  West  Indies  (p.  295). 
There  arc  three  principal  commercial  varielics:  (i)  Peruvian 
khalany,  which  is  derived  from  plants  of  Krameria  Iriandra, 
growing  in  Peru  and  Bolivia:  (2)  Savanilla  Rhatany,  which  is 
derived  from  more  or  less  disputed  species  of  Krameria  (A'. 
Jxina),  growing  in  the  United  States  of  Colombia.  British  Guiana 
and  Brazil,  and  (3)  Para  or  Brazilian  Rhatany,  which  is  sup- 
posed to  be  derived  from  Krameria  argcntca,  growing  in  Brazil. 

Peruvian  Rhatanv. — Consisting  of  a  more  or  less  cylindrical 
crown  50  mm.  long  and  15  to  jo  mm.  in  diameter,  and  numerous 
cylindrical,  somewhat  tapering,  branching  roots  10  to  40  cm.  long 
and  I  to  7  mm.  thick ;  externally  brownish-red ;  crown  with  rugged 
and  scaly  bark;  roots  smooth  or  slightly  wrinkled  longitudinally; 
fracture  of  bark  slightly  fibrous,  of  wood,  tough  and  splintery; 
internally  reddish,  bark  i  to  2  mm.  thick,  somewhat  easily  sep- 
arable from  the  lighter  colored,  slightly  radiate  wood  ;  odor  slight ; 
wood  nearly  tasteless,  bark  astringent  i  Fig.  196). 

Savanilla  Rhatany. — Crown  more  or  less  cylindrical  or 
spherical,  rough,  knotty ;  nvn  externally  dark  reddish-brown. 
somewhat  purplish,  with  numerous  transverse  fissures  at  more  or 


CRUDE  DRUGS. 


455 


less  regular  intervals;  peritlerm  nol  scaly;  bark  about  twice  as 
thick  as  that  of  I^cruvian  rliatany. 

Para  Riiatanv  closely  resembles  the  Savanilla  variety. 

CoNSTJTrENTS. —  Tannin  from  8  to  20  per  cent.,  kramcric  acid. 
starch,  an  uncrystallizable  sug:ar.  and  calcium  oxalate.  The  tannin 
is  colored  dark  green  with  ferric  salts  and  is  in  the  nature  of  a 
glucoside  resembling  the  one  found  in  PotcntiUit  Torinfntilla 
(Kam.  Rosaceae)  and  .^scuitis  Hippocastanum  (Fam.  Hippo- 
castanaceae).  The  tannin  also  yields  phlorogliicin  and  proio- 
catcchuic  acid. 

The  tincture  of  Savanilla  rhatany  forms  a  clear  solution  with 
water,  which  gives  with  alcoholic  load  acetate  test-solution  a 
purplish  precipitate  and  a  colorless  fihrate;  the  tincture  of  Peru- 
vian rliatany  forms  a  cloudy  mixture  with  water,  and  gives  with 
alcoholic  lead  acetate  test-solution  a  reddish-brown  precipitate  and 
a  light-brown  filtrate. 

Allied  Plants. — Krameria  lattceolata  of  the  Southern  Unito<l 
States  furnishes  the  Texas  krameria.  and  AT.  ct'stoidt's  of 
Chile  is  the  source  of  the  Pavt.v  krameria.  The  root  of  Lcea 
speciosa  (Kam.  V'itacese)  of  India  has  been  used  as  a  substitute 
for  Krameria. 

PYRI-.TURUM.— PELLITOKY.— The  root  of  Anacyclus 
Pyrcthrum  (Fam.  Compositie).  a  perennial  herb  indigenous  to 
Northern  Africa  and  Southern  Europe  (p.  394),  the  commercial 
article  coming  from  Algeria.  The  root  is  collected  in  autunm 
and  dried. 

Dkscriptiox. — Xcarly  cylinclrical.  slightly  l.ipcring,  or  broken 
into  irregular  pieces,  2.5  to  10  cm.  long.  3  to  20  nun.  in  diameter; 
externally  dark  brown,  wrinkled  and  somewhat  furrowed  longi- 
tudinally, with  few  rootlets  or  rootlet-scars:  crown  somewhat 
annulate  from  scars  of  bud-scales,  and  sometimes  tufted  with 
coarse  fibers  of  fibrovascular  tissue  or  with  long,  soft-woolly, 
nearly  straight,  nnc-ccllcd  hairs ;  fracture  short  and  homy  when 
dr)*.  tough  when  damp:  bark  dark  brown  internally,  with  two 
circular  rows  of  secretion  reservoirs,  0.5  to  i  mm.  thick,  and 
closely  adhering  to  the  light-yellow%  radiate,  porous  wood,  in  the 
niedidlary  rays  of  which  secretion  reservoirs  are  also  found:  odor 
distinct,  penetrating:  taste  pungent,  acrid. 
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Inner  Structure, — See  Fig.  loi,  E. 

Constituents. — An  alkaloid  pyrfthrine.  which  occurs  In  col- 
orless, aciciilar  crystals,  has  an  intense  pungent  taste,  and  which 
is  decomijosed  by  alkalies  into  piperidinc  (a  pungent  principle 
occurring  in  black  pepper)  and  pyrethric  acid,  a  principle  resem- 
bling pipcric  acid.  l*yretliruni  also  contains  a  brown  acrid  resin, 
two  other  acrid  resins,  a  volatile  oil  and  about  50  per  cent,  of  inuUn. 

Allied  Plants. — (iernian  pclUlorv.  the  root  of  Anacyclus 
officinarum,  is  smaller:  the  bark  contains  but  one  raw  of  secretion 
reservoirs,  which  are  wanting  in  the  medullary  rays ;  ami  the  roots 
contain  tannin  in  addition  to  the  constituents  found  in  Pyrethrum. 

SENEGA.— SENKGA  ROOT.— The  dried  root  oi  Pohgala 
Senega  (Fam.  Polygalaccx).  a  perennial  herb  (p.  313)  found  in 
Canada  and  the  Eastern  Unite<i  States  as  far  south  as  North  Caro- 
lina and  as  far  west  as  Minnesota  and  .Missouri  (  Kig.  197). 
There  arc  two  representative  commercial  varieties — the  northern, 
collected  in  Manitoba  and  in  the  State  of  Minnesota;  the  south- 
ern, from  Virginia  to  Texas. 

Description. — Southern  Senega. — Nearly  entire,  with 
broken  and  detaclie<I  rootlets,  crowned  with  numerous  buds  and 
short  stetn-rcnmants,  slenderly  conical,  more  or  less  tortuous, 
somewhat  branched.  3  to  8  cm.  long,  2  to  6  mm.  thick;  externally 
dark  yeltow,  the  crown  l>eing  rose-tinted,  longitudinally  wrinkled, 
slightlv  annulate,  marked  with  circular  scars  of  detached  rootlets 
and  in  some  cases  by  a  keel  which  is  more  prominent  near  the 
crown  and  in  perfectly  dry  roots ;  side  opposite  keel  more  or  less 
flattened;  cross-section  elliptical  or  triangular:  fracture  short 
when  dry,  tough  when  ilamp;  internally,  wood  lemon-yellow,  2  to 
5  mm.  in  diameter,  usually  excentral.  bark  dark  yellow,  much 
thickened  on  one  side,  fonning  the  keel  on  flrying;  odor  slight, 
penetrating:  taste  sweetish  and  acrid  (I'ig.  197). 

M.ANiioBA  Seneca  is  8  to  15  cm.  long,  6  to  12  mm.  thick, 
externally  dark  brown  and  somewhat  purplish  near  the  crown. 

CoNSTnuENTS. — The  principal  constituents  are  about  5  or  6 
per  cent,  of  two  glucosides :  senegin,  which  resembles  saponin, 
anfl  fwlygalic  acid,  which  is  sternutatory.  Tlie  root  also  contains 
0.12  per  cent,  of  a  volatile  oil  which  is  chiefly  methyl  .salicylate; 
rcstn,  pectin,  sugar  and  considerable  proteins. 
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Allied  Plants. — Saponin-Iikc  .substances  an<l  nicthy!  sali 
cylate  arc  found  to  a  greater  or  less  extent  in  other  species  of 
Polygala.  of  which  at  least  forty  have  been  used  in  medicine. 
Other  genera  of  the  Polygalacese  seem  to  have  conslitncnt-i 
similar  to  Sencg^a,  as  Comespcrma  of  Australia  and  Monnina  of 
South  America. 

.^nu'LTERANTS. — The  rhizomes  and  roots  of  CyPrifteilium  hir- 
siitum  and  C.  spectabilc  of  the  United  State.*!  are  said  to  be  some- 
times used  as  adulterants  of  Senega  (Fig.  213). 
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Fig.  197,  Tniiuvvrve  eection*  of  senega,  the  two  on  the  left  bring  of  the  dry  rinig. 
and  the  one  on  the  right  RhowinK  llic  AvvumASicc  ftfter  soakiofi  the  matcri*!  io  vaier:  R. 
mitcr  bark;  K'.  bark  uii  ibe  M<]e  b«\inK  kbnomuU  development  ol  wcMd,  B.  inner  bark, 
which  ({ivcsgivwrisc  to  ibc  "  keel  "on  theijrjrinftof  ibeioot;  H,  woodi  C.C. cambium;  m, 
mctluUory  rays;  tn>,  pKieiich>-in«  dovdopcd  in  pl«cc  of  wood  on  one  ride. — A(t«r  Meyer. 


TAUAXACU.M.---lJAXUKLK).\.~Thc  root  of  Taraxacum 
officinale  ( Fam.  Compositje ),  a  i>erennial  herb  indigenous  to 
Europe  and  Asia,  but  now  naturalized  in  all  civilized  parts  of  the 
work!  (p.  392).  The  root  should  be  collected  in  spring  or  in 
autumn  either  directly  before  or  directly  after  the  vegetative 
activity  of  the  plant.  It  is  used  in  either  the  fresh  or  dried  condi- 
tion, the  principal  supply  of  the  dried  root  coming  from  Furope. 
The  pith  nf  the  rhizome  portion  is  liable  to  be  attacked  by  insects. 

DESCRiprroN. — Somewhat  cylindrical,  tapering,  more  or  less 
flattened,  slightly  branched  or  broken  into  irregular  pieces  6  to 
15  cm.  long.  5  to  15  nun.  in  diameter:  externally  light  brown, 
wrinkled,  with  numerous  rootlet-scars;  crown  simple  or  branched, 
slightly  annulate  from  numerous  leaf-bases;  fracture  short,  homy 
when  dry.  tough  when  damp;  internally,  bark  light  brown.  2  to  6 
nun.  thick,  made  up  of  concentric  layers  of  laticiferous  vessels 
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bark  externally  yello wish-green  or  dark  brown,  wrinkled;  frac- 
ture short,  mealy;  internally,  radiate,  yellowish-green,  collateral 
wood  bundles  fontiiiiK  a  concentric  zone,  bark  4  lo  6  mm.  thick, 
camliiiim  zone  distinct,  center  either  depressed  or  more  or  less 
prominent;  odor  slight:  taste  bitter  and  aromatic. 

Inner  STRL'CTtRE. — See  Fig.  198. 

Constituents. — Two  yellowish  alkaloids,  closely  resembling 
berberinc  and  varying  from  0.98  to  1.38  per  cent,  in  the  bark  and 
1.02  to  2.05  in  the  wood.  To  one  of  these  bases  the  name  colum- 
bamine  has  been  given.  Calumba  also  contains  a  volatile  oil  0.0056 
per  cent.,  starch  about  35  per  cent,  pectin  17  per  cent.,  resin  5 
per  cent.,  calumbic  acid,  calcium  oxalate,  mucilage,  and  yields  6 
per  cent,  of  ash. 

St'DSTiTUTES. — Various  substitutes  for  calumba  have  been 
offered,  but  these  are  free  froni  starch,  or  they  may  contain  tannin, 
as  American  culumbo,  the  root  of  I'rascra  caroHticiisis  (  Kain. 
Gentianaceie).  an  herb  indigenous  to  the  Eastern  United  States. 
This  root  formerly  occurred  in  the  market  in  transverse  disks 
somewhat  resembling  calumba,  bnt  without  the  radiate  structure. 
It  contains  a  larger  amount  of  a  yellow  coloring  principle  and 
less  gcntiopicrin  than  gentian. 

Apulter.wts. — Calumba  has  l)een  adulterated  with  the  roots 
of  T'mospora  Bakis  of  tropical  Africa  and  Coscinum  fenrslratttm 
(both  of  the  Fam.  Mcmspermacex),  the  latter  growing  in  India. 
The  disks  arc  woody,  the  center  bcitig  jirominent  and  not 
depressed,  and  the  a.sh  varies  from  it. 9  to  16.6  per  cent. 

PARE1R.\.— r'AREIRA  BRAVA.— The  iv)ot  of  Chondra- 
dendron  tomentosum  (  Tam.  Menispermaceje).  a  perennial  climber 
indigenous  to  Brazil  and  Peru  (p.  274).  Hie  commercial  article 
i.s  ex^iorte*!  from  Rio  Janeiro. 

Dicst^RiiTioN*. — Nearly  cylindrical,  more  or  less  tortuous,  cut 
into  pieces  of  various  lengths,  usually  from  10  to  20  cm.  long 
and  10  to"30  mm.  in  diameter,  rootlets  few:  externally  brownish- 
black,  longitudinally  furrowed  and  transversely  ridgeil  and  fis- 
sured, with  mmierous  rootlet-scars  and  occasional  grayish  patches 
of  lichens:  fracture  fibrous,  lustrous  when  cut;  internally  dark 
brown,  with  three  or  more  irregular,  excentral  and  distinctly 
radiate,    concentric     zones    of     secondary     fibrovasaijar    bttn- 
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dies,  each  2  lo  3  mm.  wide,  and  separated  by  distiiKt.  concenlric 
zones  of  parenchyma  and  stone  cells;  odor  slight;  taste  slightly 
bitter. 

Constituents. — An  alkaloid  pelosine  (cissampeline)  about  l 
per  cent.,  somewhat  resembling  bcberine  in  bebccru  bark  {NfC- 
tandra  Rodun.  one  of  the  Lanracex)  and  buxine  in  box  wood 
{BuxHS  srinfer.ircits.  one  of  the  Sapindacea;)  :  starcli.  tannin. 
wax,  ash  4  to  5  per  cent. 
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Pis  199.    A  cellof  BclUdoniui  rootcontuninii  ddtoid  cryptocrysUltiDe  cryttaliof  calatilil 
outlale.    S4Arch  irratiis  are  also  KbowD  tn  toe  xumnmding  cclli. 


SuBSTiTt^TES. — Other  foots  are  frequently  substituted  for  gen- 
uine pareira  brava.  which  are  no  doubt  flcnved  from  other  meni- 
sjwrmaceous  plants:  these  roots  are  of  a  brownish  color,  possess 
numerous  concentric  zones  of  fibrovascnlar  hundles.  ami  do  not 
have  a  waxy  luster  when  cut. 

pAiJiE  Pareira  Is  ohtained  from  a  related  species  (Cissam- 
ftehs  Pareira').  growing  in  Sonth  America,  West  Indies  and  East 
Indies.  The  root  is  soniewliat  flattened,  externally  dark  brown, 
internally  yellowish-brown,  free  from  the  concentric  zones  of  wood 
bundles,  and  contains  about  0.5  per  cent,  of  pelosine. 
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anomalous  secondary  cambiums,  bark  dark  brown,  about  0.5  mm. 
tliick;  odor  musk-Itke;  taste  bitter,  pungent. 

Constituents. — Volatile  oil  having  the  taste  of  pepfKrnnint, 
from  0.3  to  I  per  cent. :  two  balsamic  resins,  one  soluble  in  alcohol 
and  Iiaving  the  odor  and  taste  of  the  root,  the  other  soluble  in 
ether:  fixed  oil  17  per  cent.;  ash  about  8  per  cent.;  starch  and 
ses'cral  acids,  as  angelic,  valerianic  and  mclhyl-crotunic. 

BELLADONN^E  RADIX.— BELLADONNA  ROOT.— The 
root  of  Atropa  Belladonna  (Earn.  Solanacc.-e),  a  perennial  herb 
(p.  372).  native  of  Central  and  Southern  Europe,  and  cultivated 
in  England  and  (iermany,  from  which  countries  most  of  the  com- 
mercial supply  is  obtained  (Kig.  268).  The  roots  arc  collected  in 
autumn  from  plants  three  to  four  years  old  and  carefully  dried. 

DESCRrpTioN. — Cylindrical,  slightly  tapering,  somewhat 
twisted,  or  split  into  longitudinal  pieces  5  to  15  an.  long.  4  to  2$ 
mm.  in  diameter;  externally  light  brown,  smooth,  longitudinally 
wrinkled  or  fissured,  sometimes  with  transverse  ridges  and  with 
rootlet-scars  or  fragments  of  motlets:  fracture  short,  mealy  wlien 
dry  and  emitting  a  dust  consisting  of  starch  grains  and  fragments 
of  cells,  tough  when  damp ;  internally  light  yellow,  slightly  radiate, 
bark  0.5  to  2  mm.  thick,  not  fibrous,  and  adhering  closely  to  the 
wood,  cambium  zone  distinct;  odor  narcotic;  taste  sweetish,  acrid. 

Roots  that  arc  shrunken,  spongy,  dark  brown  and  free  from 
starch  should  be  rejected,  as  also  old  woody  roots  and  stem- 
remnants. 

Phytolacca  root  and  Althsea  are  distinguished  from  belladonna 
root  by  having  numerous  sclerenchymatous  fibers,  while  inula 
has  neither  starch  nor  cr>'ptocryslalline  crystals  of  calcium  oxalate. 

Inner  Structure. — See  Figs  199,  200,  281.  303. 

CoNSTiTL'F.NTS. — There  arc  two  jirincipal  alkaloids — hyoscya- 
mine  antl  atropine— which  together  amount  to  0.2  to  i.  per  cent.. 
tfie  proportions  of  these  varying  according  to  the  age  of  the 
root,  the  hyoscyamine,  however,  usually  heing  in  excess.  The 
atropine  appears  to  be  derived  from  its  isomer  hyoscyamine  and 
not  to  preexist  in  the  root;  a  small  amount  of  scopolamine 
(hyoscine)  is  also  present.  Other  alkaloids,  as  belladonnine.  apo- 
alropine,  etc..  have  been  isolated,  but  these  are  decomposition 
prwlucts  of  hyoscyamine.    The  drug  also  contains  a  fluorescent 
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principle.  B-methyl  xsculetin,  considerable  starch  and  calcium 
oxalate  in  the  fonn  of  cnptocrystallinc  crystals.  See  also  Hto- 
scyamus  (p.  6ig).  Celladonna;  Folia  (p.  620)  and  Stramonium 
(p.  622). 

Allied  Plants. — Mandragora  or  European  mandralje  is  the 
root  of  Alropa  Mandra_iiora.  Tlic  drup  occurs  in  fusifom),  some- 
what bifurcated  pieces  and  contains  two  mvilriatic  alkaloids;  man- 
dragorinc  (isomeric  with  atropine)  and  an  alkaloid  resembling 
hyoscyaminc. 

LAPPA.— BURDOCK.— The  root  of  Arctium  Lappa  and  of 
other  species  of  Arctium  (  Fam.  Composite),  biennial  herbs  (p. 
394)  imiigenous  to  Europe  and  Northern  Asia,  and  naturalized 
in  waste  places  in  the  Untied  Stales  and  Canada  (I*'ig.  y^).  The 
root  is  collected  in  autumn  from  plants  of  the  first  year's  growth, 
and  carefully  dried. 

DEScRirrioN. — Nearly  cylindrical,  slightly  tapering,  or  broken 
and  split  longitudinally  into  pieces.  10  to  20  cm.  long.  5  to  20  mm. 
in  diameter:  externally,  bark  dark  brown,  longitudinally  wrinkled, 
with  few  rootlets  or  rootlet-scars,  crown  somewhat  annulate  from 
scars  of  bud-scales  and  sometimes  surmouiued  by  a  soft,  woolly 
tuft  of  leaf-remains  with  i-cel!ed,  twisted  hairs:  fracture  short, 
horny  when  dry,  tough  when  damp;  intenially  light  hrown,  radi- 
ate, bark  2  to  3  mm.  thick,  wood  porous,  cambium  zone  distinct; 
odor  feeble;  taste  mucilaginous,  slightly  bitter. 

Old  woody  roots  in  which  the  pith  is  more  or  less  obliterated 
and  which  have  been  collected  from  the  fruiting  plant  should  be 
rejected. 

Constituents. — Inulin  about  45  per  cent. :  a  glucosidc  prob- 
ably identical  with  that  found  in  the  seed,  to  which  the  name  lappin 
has  been  applied :  and  alxuu  0.4  per  cent,  of  a  fixetl  oil. 

PHYTOLACCA.— POKE  ROOT.— The  rwt  of  Phytolacca 
decandra  ( Fan*.  Phy tolaccaceae ) ,  a  jwrctmial  herb  ( p.  265 ) 
indigenous  to  Eastern  North  America,  and  iiaturalize<l  in  tlie 
West  hulies  and  Southern  Europe  (Fig.  139).  The  root  is  col- 
lected in  autunm  ancl.  after  removal  of  the  rootlets,  cut  into  trans- 
verse and  longitudinal  ])ieces  and  dried. 

Dkscuii'Tion. ^Fusiform  or  nearly  cylindrical,  tapering,  usu- 
ally in  longitudinal  riblx)n-Iike  slices.  8  to  16  cm.  long,  5  to  15 
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min.  in  diameter,  2  to  lo  mm.  thick ;  externally,  bark  dark  brown, 
more  or  less  wrinkled;  iracture  fibrous,  tough;  internally  light 
brown,  characterized  by  alternating  zones  of  collateral  tibrovas- 
cnlar  bundles  and  i)arcnchyina  formal  by  secondary'  cambiums; 
odor  sligiit ;  taste  acrid.  (l*ig.  200). 

Constituents. — A  bitter,  acrid  glucoside  resembling  saponin  ; 
a  crystalline  alkaloid  phviolaccine,  which  is  soluble  in  alcohol  and 
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Pio.  aoi.  Apocymim  andr<ttifmitolium:  A.  f!owcriTi(;br«och:  B,  afndt  cooilitiiiit  of  • 
(odiclM:  B,  flower;  G.  longitudinal  trclion  of  flowrr;  H.  tingk  stamMi  with  long  tjmn  <«): 
J,  niultic«auUr  luir  from  leaf,  K,  iracliiue  with  bordcrcO  pore*  <t>  ftnd  wood  filMr*  (w);  L. 
a  fcwb&it  fibcnaod  ftdioirung  parencbyniAcvllBCODtwninBaUrch.  Apocyntim  canMahimmm: 
C.  two  of  tb«  oppoflite,  nasrly  Madia  lesv«»;  D,  fruit:  F.  Sower;  i,  oeol  with  coma  of  lo&S' 
l-c«Ued.  hyaliiM  fudrt. 

Sparingly  soluble  in  water;  sugars  10  per  cent.;  starch  10  per 
cent.;  phytolaccic  acid;  formic  acid;  potassium  formate  2  per 
cent. ;  calciitm  oxalate  6  per  cent. ;  and  ash  13  per  cent.,  of  which 
about  one-half  is  potassium  oxide, 

Ph^tolacc-Iv  Fructus  or  F^ytolacca  Fruit  occurs  in  agglu- 
tinated masses  of  a  purplish -black  color,  and  consisting  of  thft 
compound  berries,  which  arc  about  S  mm.  in  diameter  and  com- 
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posed  of  10  locuti.  each  of  which  contains  a  single,  lenticular,  black 
seed.  The  sarcocarp  is  fieshy,  sweet  and  slightly  acrid  and  con- 
tains a  purplish-red  coloring  principle  which  is  soluble  in  water 
but  not  in  alcohol,  and  which  is  decomposed  on  heating  the  aque- 
ous soUition.  The  fruit  also  contains  phytolaccic  acid,  several 
fruit-acids  and  phytolaccin,  a  substance  resembling  tannin. 

APOCYXl'M.— CANADIAN  HKMP.— The  dried  root  of 
Apocynnm  cannahmutn  (Fam.  .^pocynace^e),  a  perennial  herb 
(p-  3^3)  fiTowing  in  fields  and  thickets  in  the  United  States  and 
Southern  Canada  (Tig.  201). 

Description. — Cylindrical,  somewhat  branched,  usually 
broken  into  pieces  4  to  10  cm.  long.  5  to  10  nun.  in  diameter; 
externally  light  brown,  longiltidinally  wrinkled  and  transversely 
fissured,  with  few  rootlets  or  rootlet-scars;  fracture  short;  inter- 
nally, bark  light  brown,  i  nnn.  thick,  easily  separable  from  the 
lemon-yellow.  |x>rous,  slightly  radiate  wood ;  odor  slight ;  taste 
of  bark  bitter  and  acrid,  of  wood  slightly  bitter. 

Stem  fragments  are  distinguishetl  by  ha^Hng  a  com|)aratively 
thin,  finely  fibrous  bark  and  a  hollow  center. 

Inner  STRLfcruRE. — Sec  Fig.  202. 

CoNSTiTLKNTs. — Two  glucosidcs :  apocvTiin.  which  is  amor- 
phous, resinous  and  soluble  in  ether,  and  apocynein,  a  yellowish 
principle  which  is  insolubk-  in  ether  but  soluble  in  alcohol  and 
water  and  has  the  physiological  properties  of  digitalin  ;  resin,  tan- 
nin, starch  and  about  10  per  cent,  of  ash. 

Allied  Pl.\nts. — The  commercial  article  frequently  contains 
the  root  of  a  closely  relatetl  plant,  .'ifyocyniim  amirostcmifolium 
(p.  363),  growing  in  the  same  regions  but  having  a  thinner 
b;irk,  which  is  characterized  by  one  or  more  groups  of  stone  cells. 

IPECACUANHA.— IPECAC— The  dried  root  of  0'f>ha?lis 
Ipecacuanha  (Tragoga  I^ccacuanixa)  (Fam.  Rubiaccie).  a  shrub 
indigenous  to  Brazil,  and  sparingly  cultivated  near  Singapore 
(Fig.  178).  The  commercial  supply  is  obtained  from  ^{atta 
Grosso,  Brazil,  and  is  knowm  as  Rio.  P.razilian  or  Para  Ipecac. 
The  roots  of  CepUactis  acumutata.  a  plant  closely  related  to 
CcphaeUs  I pccacuanha  and  indigenous  to  the  northern  and  central 
portion  of  the  Ignited  States  of  Colombia,  are  exported  from 
Carthagena  and  Savanilla,  and  are  known  commercially  as  Car- 
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Rio  OR  Brazilian  Ii-ecac. — Cylintlrical,  more  or  less  lorluous, 
5  to  15  cm.  long,  I  to  5  mm.  in  diameter;  extenully  dark  brown, 
irregularly  annulate,  sometimes  transversely  fissureri,  with  occa- 
sional rootlets  or  rootlet-scars  ;  fracture  of  bark  brittle,  of  the  wootl 
tough ;  internally,  bark  light  brown.  0.5  to  i  mm.  thick,  easily  sep- 
arable from  the  dark-yellow,  non-porous  wood  ;  odor  slight;  taste 
bitter,  acrid. 

An  aqueous  infusion  of  ipecac  gives  a  copious  precipitate  with 
potassio-mcrcuric  iodide  solution :  a  hydro-alcoholic  infusion  gives 
a  yellow  precipitate  with  picric  acid,  or  if  hydrochloric  acid  and 
potassium  chlorate  are  added  the  solution  becomes  orange-red 
with  a  reddish  fluorescence. 

Inner  Structure. — See  Figs.  203.  291. 

Carthagena  Ipecac  closely  resembles  the  Rio  or  Brazilian 
ipecac,  but  the  roots  arc  imiformly  thicker  (4  to  7  mm.  in  diam- 
eter), of  a  brownish-gray  color,  and  the  annulations  are  less 
pronounced. 

The  stems  arc  usually  more  slender.  5  to  10  cm.  long.  I  to  1.5 
mm.  in  fliametcr,  nearly  smooth  or  longitudinally  wrinkled ;  bark 
0.1  mm.  tliick,  with  bast  fibtrs  either  single  or  in  groups;  pith 
distinct,  0.5  mm.  in  diameter. 

CoNsTiTiENTS. — Ipccac  coutains  three  alkaloids  (2  to  3  per 
cent.) — emetine,  cophaeline  ami  psychotrine,  that  are  said  to  be 
contained  chiefly  in  the  bark,  which  makes  up  about  90  per  cent, 
of  the  <lrug. 

Emetine  (methyl-cephaeline)  is  white,  amorphous,  forms 
crystalline  salts,  becomes  darker  on  exposure  to  light,  and  with 
Kroehde's  alkaloidal  reagent  |  consisting  of  o.oi  Gm.  of  sodium 
molybdate  in  1  c.c.  of  concentrated  sulphuric  acid)  t»ecomes  dirty 
green,  changing  to  a  bright  green  on  the  addition  of  hydrochloric 
acid.  Cephaeijne  occurs  in  silky  needles,  forms  amorphous  salts 
and  is  quite  unstable.  Iiecoming  yt*lliiw  even  in  the  ilark.  With 
Froehde's  reagent,  repbaeline  changes  to  purple,  becoming  deep 
blue  on  the  addition  of  hydrocliloric  acid.  PsvcnoTRixE  is  amor- 
phous, quite  unstable,  and  l>ecomes  purplish  with  Friehdc's  rea- 
gent, changing  to  green  on  the  addition  of  hydrochloric  acid. 
Ipecac  also  contains  2.25  per  cent,  uf  Ipecacuanhic  acid,  with 
which  the  alkaloids  arc  combined  :  a  glucoside  resembling  saponin; 
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about  40  per  cent,  of  starch :  and  calcium  oxalate  in  the  form  of 
raphiUt-^. 

The  total  amount  of  alkaloids  in  Rio  and  Carthagena  ipecac 
not  only  varies  but  tliere  is  a  difference  in  llie  proportions  of 
emetine  (the  expectorant  alkaloid)  and  cephaeline  (the  emetic 
alkaloid)  ;  in  Rio  ipecac  the  proportion  is  onc-lhird  cephaeline  to 
two-tliirds  emetine,  while  in  C^rlhagona  i[)ecac  there  are  four- 
fifths  cephaeline  to  one-fifth  emetine. 

Allied  Plants. — A  nimiljer  of  drugs,  some  of  whicli  rescnible 
ipecac,  sometimes  tind  tlieir  way  into  commerce,  and,  while  they 
all  possess  emetic  properties,  none  of  tliem  contain  emetine.  The 
following  drugs  obtained  from  ])lants  of  the  Rt.BL\CK.€  have  been 
substituted  for  Ipecac.  Lndulatko  (or  I'arinaceous)  Ipecac 
from  Richardsonia  scabra,  a  plant  growing  in  tropical  and  sub- 
tropical America,  is  an  undulate,  annulate  root,  the  bark  of  which 
is  nearly  as  thick  as  tlie  \elIo\vish,  soft  wood.  Strlxtkh  Itecac 
from  CephacUs  cmctica,  a  plant  growing  in  South  America,  is  a 
dark  purplish-brown  root,  with  a  few  transverse  fissures  and  a 
tliick  bark  in  whicli  starch  is  absent.  Several  members  of  the 
RosACE-E  contain  emetic  principles  and  the  roots  of  the  following 
plants  growing  in  the  United  States  have  been  substituted  for 
Ipecac:  American'  Ipecac  {Porteranthus  stipuhitus),  the  root 
of  which  is  annulate,  and  in  other  ways  resembles  ipecac,  but  has 
a  tliinner  bark  with  numerous  resin  cells ;  and  Inrlian  Physic 
{P.  trifoHatus),  the  roots  of  which  resemble  those  of  /Vmerican 
Ipecac  but  are  not  annulate. 

The  roots  of  several  uf  the  ])lants  of  the  Etft'iroKiUACE.E  are 
used  as  emetics.  Ipecac  spurge  is  the  root  of  Euphorbia  Ipecac- 
uanha, a  plant  common  in  sandy  soil  of  the  Eastern  United  States. 
The  roots  are  30  cm.  or  more  long,  about  1  cm.  thick,  nearly 
cylindrical,  light  brown :  internally  the  wood  is  yellow  and  the 
bark  white  and  with  numerous  latex  vessels.  The  taste  is  sweet, 
somewhat  acrid  and  bitter.  Ipecac  spurge  contains  a  crystalline 
resin,  euphorbon ;  probably  a  glucoside,  and  starch.  Purging  or 
EMETtc  ROOT  is  obtained  from  the  large  flowering  spurge  (Eu- 
phorbia corollata),  a  plant  found  in  sandy  soil  east  of  the  Missis- 
sippi. The  nx>t  resembles  the  Ipecac  spurge  but  is  dark  brown  or 
brownish-black  externallv,  and  the  constituents  are  similar. 
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cinnaniic  acid  and  rhcosmiii,  an  aldehyde  liaving'  the  odor  of 
rhubarb.  A  calcdiin  resembling  the  catcchia  oi  gambir  has  also 
been  found.  Rhut>arb  a\^>  cuntains  considerable  sUirch;  calcium 
oxalate;  and  yields  about  15  per  cent,  of  ash. 

Allied  Plants. — The  rhizomes  of  other  species  of  Rheum 
are  also  used  to  a  limited  extent,  as  English  or  Austrian  rhubarb 
from  Rheum  rhapoulicum ;  they  are  more  or  less  cylindrical,  dis- 
tinctly  radiate,  and  contain,  besides  chrysophanic  acid,  rhapontin. 
Rheum  palmatutti.  which  is  ailtivatcd  in  Trance,  Germany  and 
Russia,  produces  rhizomes  that  arc  lighter  in  color  and  less  val- 
uable than  the  Chinese  rhubarb,  the  constituents  being  similar  to 
those  of  Austrian  rhubarb. 

ACONITC'M.— ACONITE.— The  tuberous  root  of  Aconitutu 
NapcUus  (Fain.  Ranunculaccw),  a  perennial  herb  (Ei^.  84.  141), 
growing-  in  the  mountainous  districts  of  Europe,  Asia  ami  West- 
ern North  America.  U  is  also  cultivated  in  temperate  regions 
(p.  a68).  The  commercial  supplies  arc  obtained  from  England 
and  Germany,  and  in  Enjjiand  the  root  is  collected  in  autunm 
from  cultivated  plants  after  the  overground  parts  have  died  down, 
whereas  in  Germany  the  roots  are  collccterl  from  wild  plants  dur- 
ing the  flowering  periotl.  this  being  clone  to  distinguish  tlic  partic- 
ular species  yielding  the  drug.    The  root  should  be  carefully  dried. 

DiiscRipTtON. — More  or  les's  conical  or  fusiform,  4  to  10  cm. 
lonff.  5  to  20  nmi.  in  diameter;  externally  dark  brown,  smooth  or 
somewhat  wrinkled,  the  upper  portion  with  a  bud,  remains  of 
bud-scales  or  stem-scars,  with  numerous  root-scars  or  short  roots; 
fracture  homy,  somewhat  rncaly :  internally,  bark  light  or  dark 
brown,  i  to  2  mm.  thick,  cambium  irrcgxdar.  5-  to  7-anglcd,  wood 
yellowish,  in  small  bundles  at  the  angles,  pith  light  brown,  about 
2  to  6  mm.  in  diaineter;  odor  very  slight;  taste  sweetish,  acrid, 
pungent,  accompanied  by  a  sensation  of  numbness  and  tingling. 

Tlie  shrunken,  hollow,  oliler  tubers,  together  with  the  over- 
ground stpm- remnants,  should  be  rejecteft. 

Tn'Ner  Structi;kr. — See  Figs  3o6.  309. 

CoNSTirrRNTS. — A  number  of  alkaloids  have  been  isolated,  of 
which  aconitine  is  the  most  important ;  it  occurs  to  the  extent 
of  about  0.75  per  cent,  and  forms  rhombic  prisms,  which  are  not 
colored  by  concentrated  sulphuric  or  nitric  arid.  An  aqueous 
solution  of  the  alkaloid,  after  acididating  with  acetic  acid,  gives  on 
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wood  lemon-yellow,  distinctly  radiate,  with  narrow  medullary 
rays;  pith  bright  yellow,  2  or  3  mm.  in  diameter.  Slightly 
odorous.    Taste  bitter. 

CoNSTiTL'ENTS. — Foiir  alkaloLtls.  namely,  berbcrine;  oxyacan- 
thine,  which  acquires  a  yellow  color  in  sunlight ;  berbamine,  which 
is  distinguished  from  tlie  above-mentioned  alkaloids  by  being 
soluble  in  water;  and  another  alkaloid  whose  properties  have  not 
been  investigated.  The  drug  also  contains  resin  and  considerable 
starch. 

Allied  Plants. — Berbcris  zulgaris  (European  barberry), 
naturalized  in  the  United  States,  furnishes  a  drug  which  has  sim- 
ilar properties.  Not  only  the  rhizomes  and  roots  but  also  the 
stem  and  root  barks  are  employed,  the  root  bark  containing  a 
larger  amount  of  alkaloids  than  that  of  the  stem. 

Ilie  bark  and  root  of  Bcrbcris  csiatica  of  the  Himalaya  region 
and  B.  aristata  of  India  are  similarly  employed,  the  latter  con- 
taining about  2  per  cent,  of  berberine. 

The  flowers  and  berries  of  Berberis  AquifoHum  and  B. 
vulgaris  contain  berbcrine.  oxyacanthine,  volatile  oil,  about  6  per 
cent,  of  malic  acid  and  3.5  to  4.7  per  cent,  of  sugar. 

The  alkaloid  berberine  is  also  found  in  .-trgemone  mexicana 
(Fam.  Papaveracex)  and  in  the  following  members  of  the  Ranun- 
culacex:  Hydrastis  canadensis,  Copiis  trifoHa  and  Xanthorrhiza 
apiifoHa. 

GENTIANA.— GENTIAN.— The  rhizome  and  roots  of  Gcn- 
tiana  tutea  (Fam,  Gentianaeea),  a  perennial  herb  (Fig.  209)  in- 
digenous to  Central  and  Southern  Euroi>e  and  Asia  Minor  (p. 
362).  The  Ileshy  rhizomes  and  roots  are  collected  in  autumn  and 
frequently  cut  into  longitudinal  pieces  and  slowly  dried,  during 
which  latter  process  they  develop  a  distinctive  color  and  odor. 
The  commercial  supplies  are  obtained  from  France,  Germany, 
Spain  and  Switzerlan<l. 

DEScRriTioN. — Nearly  cylindrical  and  sometimes  branched, 
split  longitudinally  or  broken  into  irregular  pieces.  3  to  15  cm. 
long.  S  to  40  mm.  in  diameter ;  externally  light  brown,  the  upper 
or  rhizome  portion  annulate  from  scars  of  bud-scales,  longitud- 
inally wrinkled,  and  with  few  huds.  stem-  and  root-scars,  roots 
longitudinally  wrinkled ;  fracture  short  when  dry,  tough  and  flex- 
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Africa  has  the  periderm  removed  from  the  vertical  sides  only, 
aiid  is  known  as  "  coated  "  ginger ;  in  the  Jamaica  variety  the  peri- 
derm is  completely  removed  and  the  product  is  known  as  '*  peeled  " 
or  "  uncoatcd  "  or  "  scraped  "  ginger.  The  latter  is  sometimes 
steeped  in  milk  of  lime  to  protect  it  against  the  attacks  of  insects. 
The  Jamaica  variety  is  the  official  ginger. 
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Pig.  III.  Trtnavcrac  KCtion  of  portion  of  rtiitome  of  ([infler;  P.  parenchyma  cob- 
blnins  ovoid  stnrch  eraiiu;  O,  oil  cells;  K.  c«Ils  CDntAining  mm:  SP.  sclerenchymatic 
fiber;  T.  trachea;  S.  neve. 

Jamaica  Gingeh. — Horizontal,  laterally  compressed,  irregu- 
larly branched  pieces  (Fig.  211).  4  tu  10  cm.  long,  4  to  20  mm. 
broad.  5  to  10  mm.  thick:  externally  light  brown,  longitudinally 
wrinkled,  with  somewhat  elliptical.  depresse<l  stem-scars,  with  few 
fibers  of  fibrovascular  tissue  or  adhering  fragfnenis  of  periderm ; 
fracture  mealy  and  with  short  projecting  fibrovascular  bundles : 
internally,  cortex  light  brown,  o.i  to  0.4  mm.  thick:  central  cylin- 
der with  numerous  circular  groups  of  fibrovascular  tissue  and 
yellowish  secretion  cells:  odor  strongly  aromatic;  taste  pungent. 

Inner  Structure. — Sec  Figs.  212,  214. 

Ginger  which  is  bleached  by  means  of  sulphur  fumes  or  bleach- 
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mg  powder  (chlorinated  lime)  or  that  i$  coated  with  lime  should 
not  be  used. 

Co.vsTiTLfENTS. — VOLATILE  OIL,  possessing  the  aromatic  odor 
of  the  drug,  i  to  3  per  cent.,  and  consisting  chiefly  of  a  sesqui- 
terpcne,  r^me  dextro-camphenc  and  phcllandrcnc;  a  colorless, 
viscid  principle  gingerol,  which  has  the  pungent  taste  of  the  drug, 
0.5  to  1.5  per  cent. ;  two  resins,  one  of  whicli  is  acid  in  character ; 
starch.  30  per  cent. 

Commercial  varieties. — The  following  arc  derived  from 
Zingiber  ofKcinaie:  (  i )  Natltial  Jamaica  ginger  occurs  in  long, 
slender.  6attish.  branching,  light  yellowish-brown  pieces,  the  pcri- 
denn  being  completely  removed.  (2)  Ble.\ched  Jamaica  gingtr 
is  the  natural  Jamaica  rhizoiiie  fretiuently  coatetl  with  lime.  (3) 
African  ginger  consists  of  grayish-brown  pieces  which  arc  partly- 
peeled  on  the  flattened  sides,  in  section  exhibit  garnet  resin  dots. 
and  the  taste  is  intensely  acrid.  (4I  Calci'Tta  ginger  resembles 
African  ginger,  but  has  a  greater  pro|>ortion  of  cork,  and  \-ields 
a  higher  percentage  of  ash  than  the  other  commercial  gingers. 
(  5  )  Calicut  ginger  also  resembles  African  ginger.  (6)  Cochis 
ginger  is  a  scraped  ginger,  internally  is  of  a  light  cream  color 
an<l  exhibiLii  numerous  black  resin  dots.  (7)  Japan  ginger  is 
probably  derived  from  Z.  Zcrumhet.  It  belongs  to  the  clasri  of 
scraped  and  limed  gingers,  and  has  a  short  and  mealy  fracture. 
The  resin  dots  are  reddish,  and  it  differs  from  all  the  other  gingers 
in  having  numerous  compound  starch  grains  varying  from  4  to 
25  M  in  diameter. 

In  fresh  ginger  and  in  the  confection  "  cnstallized  ginger  " 
the  contents  of  the  secretion  cells  are  oily  and  of  a  yellow  color, 
but  in  old  dried  rhizomes  the  contents  arc  darker  and  insoluble 
in  alcohol,  ether,  gladal  acetic  acid,  potassium  hydrate  and  chloral 
hyrlrate. 

CONVALLARIA.— LILY-OF-THE-VALLEY.— The  dried 
rhizome  and  roots  of  CotiTailaria  majatix  (Fam.  Liliaceae),  a 
pcreimial  herb  (p.  238)  indigenous  to  Kurope,  Asia  and  the  higher 
mountains  of  Virginia,  Xorth  Carolina  anri  South  Carohna  and 
e.xtcnsivelv  cultivated  for  its  flowers.  Tlie  rhizome  and  roots 
should  Iw  collected  late  in  summer  and  carefully  drie<l.  The 
leaves  and  flowers  have  also  been  used  in  medicine. 
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DESCRtPTioN. — Rhizome  horizontal,  cylindrical,  and  sometime? 
branched,  jointed,  in  pieces  from  3  to  17  cm.  long,  intemodes  10  to 
50  mm.  long,  i  to  3  mm.  in  diameter,  nodes  with  a  circular  scar, 
not  much  thickened  ;  cxtenially  light  or  dark  brown,  longitudinally 
wrinkled,  sonKnvhat  annulale  from  scars  of  bud-scales,  mostly 
smooth  between  the  nodes,  upper  surface  of  nodes  marked  by 
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Plo.  313.  Tyanrt^rve  tcction  of  centrAl  crlittder  and  portion  vt  coit«x  of  root  of 
Cyfrtptiiimm  hirtutHm:  E,  t\Ai\trmiik,  H.  hypodermia^  Ca,  Raphidcft  at  calcium  nwtlAU; 
P,p»reiichy[naconEainin»£  Ktarch  iSl),  En.wi'lodwmi*.  P.h^nitied  Mrlrrenchymntous  Rbcri; 
T,  iracltec;  B.  non-lionilici].  thtclc-wallcd  libera  exierior  lo  ucvc  graups;  L.  perit>l)rntl  lnyvT 
of  central  cyUnder.    Tfae  latter  usually  outuisu  u[  6  to  8  radial  nbrovascular  bundles. 

Stem-scars,  side  and  under  surface  with  root-scars,  or  usually  with 
three  to  five  roots,  fracture  short  or  fibrous;  internally  liybt  or 
dark  brown,  cortex  0.5  mm.  thick,  separable  from  the  central  cyl- 
inder ;  odor  faint ;  tajite  bitter,  slightly  acrid. 
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Root»  somewhat  tortooos.  5  to  6  cm  long,  aboot  a3  to  0.5 
ram.  in  diameter,  rootJets  few. 

IxMut  Smvcrvttz. — Sec  Fig.  114, 

CfWtSTrTfEXTS, — ^A  brtter.  somewhat  ciystalline  gfaicoside, 
convaltamahn.  about  ojb  per  cent.,  which  is  sotubte  in  water, 
alcohol  and  ether  and  has  a  physiofogical  aaion  similar  to  digi* 
tafin.  An  acrid  ghwoskle.  convaltarin.  forming  rectangular  prisms 
which  are  insoluble  in  ether  and  sparingl)'  soluble  in  water,  the 
solution  foaming  on  shaking  like  a  saponin  solution. 

The  FLOWERS  of  Lily-of-the-valle>'  contain  a  volatile  crystalline 
principle  which  is  fragrant  tn  even  dilute  solutions. 

CyPRIPEDIUM.— LADY'S  SLIPI'ER.— The  dried  rhizome 
arwl  roou  of  Cypripedium  puhescens  {C.  hirsutum).  and  Cypri' 
pedium  parriSontm  ( Fam.  Orchidaccz),  perennial  heitis  (Fig. 
213)  native  in  woods  and  thickets  of  the  Eastern  and  Central 
United  States  and  Canada  (p.  245). 

Descriiiiqx. — Rhizome  horizontal,  somewhat  tortuous  and 
bent.  3  to  7  cm.  long.  2  to  4  mm.  in  diameter;  exlfmally  dartc 
brown,  annulate  from  scars  of  bud-scales,  upper  surface  with 
numerous  brgc,  sometimes  depressed  scars,  under  and  side  por- 
tions with  ntmierous  roots  and  few  root-scars:  fracture  short; 
internally  light  brown,  cortex  about  0.5  mm.  thick,  central  cylin- 
der somewhat  porous,  and  with  numerous  scattered  fibrovascular 
hundltrs :  odor  heavy,  distinct;  lasle  bitter,  somewhat  pungent. 
The  walls  of  tlie  cndodermal  cells  are  but  slightly  cutinized. 

Roots  3  to  It  cm.  long,  0.5  to  1.5  mm.  in  diameter;  externally 
light  or  dark  brown,  longitudinally  wrinkled;  fracture  somewhat 
fibrous;  internally,  cortex  white,  central  cylimler  yellowish. 

CoNSTiTt^ENTS. ^Volatile  oil.  several  resins,  a  bitter  glucosi<lal 
principk',  tamiin,  gallic  acid,  starch,  calcium  oxalate  in  the  form 
of  rapliiJcs.  and  ash  about  6  per  cent. 

TRITICUM.— COUCH  GRASS.— The  rhizome  of  Agropy- 
ron  {Tritit'ttm  )  rcpcns  (  Fani.  flramincx'),  a  perennial  grass  in- 
digenouft  10  Kuroiw  and  Asia,  and  naturalized  in  North  .\mcrica, 
except  in  the  Arctic  region  (p.  227).  TTie  rhizome  is  gathered 
in  ptjiring.  deprived  of  llie  rrKitlcts,  cut  into  pieces  and  carefully 
dried.  Our  commercial  supplies  come  chiefly  from  Central 
Europe. 
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at  OMD  pieces  5  idS^kIom^  I  id  2  nm.  ia 

•month*  HHRT*  BQifct  vin  aitafar  Icu'ican  asd  fev  loot-Msn ; 
fracture  tooclk  Arow:  ■Bcmlf.  baric  fi^  browA,  aboal  as 
mm,  thick,  wood  Kglt  ydkm  aad  ponMi^  oaMo-  faoOow;  odor 
•liliit,  taste  fwcctMh.  sGs^Mfy  acrid. 

0>ysTRL'EJ>  n.— Tntkao.  a  Iwo-ratt&anr  qibuhwhaac  mcm- 
Mtni;  maHn,  8  per  cent.;  dcttroac  aad  IcrakMc  2.3  to  3.3  per 
cent. :  a  ost/ogenom,  guuBuy  wdwuiMr,  11  per  ctstL :  aod  malates ; 
aod  MKNil  4*5  P^  ocuL  01  ani  firwtaintiiy  liiucn  tiHca-  ibe  riu- 
zome  u  free  frocn  starch  and  calchim  oxalate,  and  the  lactic  acid 
fonnrl  in  tbr  extract  i«  apparently  a  fermentation  produa. 

VKR-\TRL'X!. — The  rhizome  and  roots  of  I'rratrum  firu/e 
f  Fam.  Uliaccst),  a  percnntal  herb  {  Fig'.  1291  found  grotnng  in 
wet  meadows  usually  associated  with  skunk  cabbage  ( Sfsith\Tmo 
ftrtida).  and  indigenous  to  the  Eastern  and  Central  United  States 
and  naturalized  in  Canada,  British  Columbia  and  Alaska;  and 
I'eratrum  album,  a  similar  plant,  indigenous  10  Central  and  South- 
eni  Europe,  the  former  being  known  as  .\merican  or  green  helle- 
iMre  and  the  latter  as  European  or  white  hellebore.  The  plant 
dies  dowTi  early  in  the  summer  and  the  rhizome  may  be  collected 
soon  thereafter.  It  is  cut  longitudinally  an<l  dried.  Much  of  the 
drug  used  in  this  counlr\'  is  derived  from  I'eratrum  album  and 
imported  from  Germany  (p.  235V 

A.MERiCAfC  OR  Grekn'  Hellkrore. — Rhizomc  upright,  obcon- 
ical.  usually  cut  longitudinally  into  halves  or  quarters,  2.5  to  5 
cm.  lon^.  1.5  to  3  cm.  in  diameter;  externally  dark  brown  or 
brownish-black,  rough  and  wrinkled,  somewhat  annulate  from 
scars  of  bud-scales,  top  truncate,  lower  part  more  or  less  decayed, 
with  numerous  roots  and  few  root-scars :  fracture  hard  and  homy: 
internally  light  yellow,  cortex  J  to  3  mm.  thick,  cndodcrmis  dis- 
tinct, central  cylinder  with  scattered  yellow  fibrovascular  bundles: 
odor  slifiht :  taste  bitter  and  acrid. 

Roots  yellriwish-brown,  nearly  cylindrical.  3  to  8  cm.  long, 
2  to  3  mm.  in  diameter ;  externally  yellowish-brown,  longitudinally 
or  transvprsely  wrinkled  (Fig.  113)  :  internally,  bark  white,  i  to  2 
mm   thick  :  wood  porous,  cylindrical ;  fracture  short. 
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European  or  White  Hellebore  closely  resembles  the  Amer- 
ican Hellebore,  but  the  color  varies  from  whitish  to  yellowish- 
brown  and  usually  the  rootlets  are  removed. 

The  drujT  should  be  kept  in  well  closed  vessels,  and  the  leaf 
and  stem  t)ascs,  if  present,  should  be  removed. 

In'Xer  Strlctukf.. — See  Tigs.  215,  216. 

CoNSTiTVENTs  OK  V'KRATRirM  AijiuM. — The  druff  contains  a 
number  of  alkaloids,  of  which  the  most  important  is  protoveka- 
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Pio.  3 1  s.  Cro«  section  of  rhliome  of  Vtratntm  viridd:  a,  wction  of  a  root  near  ita  orUln: 
b.  «n>lo<lermU:  c.  one  ol  the  wavy  fibrovaacular  bundles  in  Uie  cortex,  d,  imnnchyma: 
a,  (ibruvaM:ular  buiuUc  of  the  ccnlral  cylinder;   f.  parenchyma. — After  Baatin. 

TRINE,  which  occurs  to  the  extent  of  0.03  per  cent,  and  forms 
nionocltnic  prisms  which  are  insoluble  in  water,  soluble  in  strong 
alcohol,  and  with  concentrated  stdphuric  acid  give  a  greenish- 
colored  solution  which  gradually  changes  to  blue  and  finally  to 
violet.  It  also  contains  the  following  alkaloids  which  are  physio- 
logically inactive  or  but  feebly  toxic:  Jervink  foto  to  0.13  per 
cent.)  forms  satiny,  lustrous  prisms  which  are  colored  yellow  with 
hydrochloric  acid,  the  Bolntion  afterwards  changing  to  green; 
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RUBijERViNE  (about  0.005  per  cent.)  forms  long  prisms  which 
are  fulored  yellow  with  concentrated  sulphuric  acid,  tlic  solution 
becoming  urange  an<I  finally  red ;  pseudujervine  forms  hexagonal 
prisms  which  are  colored  yellow  with  concentrated  sul]>huric  acid  ; 
pROTOVERATKUiiXK  IS  a  (iecnmposition  product  of  protovera trine 
and  forms  cubical  prisms  which  are  colored  violet  with  concen- 
trated sulphuric  acid,  the  solution  afterward  becoming  cherry-red. 
Veratrum  also  contains  a  bitter  glucoside  veratramarin ;  jervic 
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Pio.  )t6.    Sevenl  pofenchyma  rclU  from  rhisome  o(  Veralmm  vindt:  a.  cells  con* 
taininii  ftareh  cnitu:   b-  cell  cooUming  raphidcs  of  calcium  oxalate. — After  B«stiii. 


acid,  which  is  identical  with  chelidonic  acid,  and  crj-slallizes  in 
silky  needles;  considerable  starch;  ash  3  to  4  per  cent.;  and 
calcium  oxalate  in  the  form  of  raphides. 

OiNSTiTUENTS  OF  V'ekathum  ViKiuE. — Green  hellebore  con- 
tains about  0.08  per  cent,  of  total  alkaloids.  Of  these  about  one- 
half  consists  of  CEV.M>IXE,  an  exceedingly  toxic  ether-soluble  alka- 
loid, also  found  in  Sabadilla  seeds,  which  crystallizes  in  neeilles 
and  gives  a  violet  color  on  warming  with  nitric  acid,  the  solution 
changing  to  scarlcl-red  on  boiling.  The  remainder  consists 
chiefly  of  the  ether- in  soluble  alkaloids  jervine  and  pseudojer- 


CRUDE  DRUGS. 


495 


VINE,  both  of  which  are  found  in  reratrum  album;  a  small 
quantity  of  veratrine.  thai  occurs  as  an  amoq^hous,  resinous 
mass  which  is  colore*!  yellow  with  concentrated  sulphuric  acid,  the 
solution  Ijecoming  deep  red  (thus  resembling"  prolovcratrine )  ;  and 
VEKATALBJNE,  an  amoqjhous  alkahiid.  X'ekatroidine  is  now  con- 
sidered to  l>e  a  mixture  of  amorjihous  bases. 

ALi-iKn  Plants. — The  rhizome  of  Veratrum  viridifoUum,  a 
plant  with  greenish  flowers  growing  in  the  mountainous  districts 
of  Europe  and  N'orthcni  Asia,  contains  jcrvine  and  veratroidine. 
The  rhizome  of  Veratrum  uigritm.  a  plant  with  purplish-red 
flowers,  indigenous  to  Middle  and  Eastern  Europe,  Siberia,  Man- 
churia and  Japan,  contains  jervine. 

Sabadilla  sKEns  are  the  source  of  the  official  veratrine.  They 
are  obtained  from  Scha-tiacaulon  officinale  (Fam.  Liliacex),  a 
bulbous  plant  in<iigcnous  to  Mexico  and  the  West  Indies.  Tlie 
seeds  arc  brownish-black,  5  to  8  mm.  long,  narrow,  angular,  flat, 
beaked  antl  have  a  very  bitter  and  acrid  tasle.  They  arc  fre- 
quently exported  from  Mexico  in  the  small  trilocular  dehiscent 
capsules  there  being  3  to  6  seeds  in  each  loculus.  They  contain 
about  I  per  cent,  of  a  mixture  of  alkaloids  known  .is  vebatkink. 
This  consists  of  cevadine  and  veratrine  (veratridine),  both  of 
which  are  found  in  the  rhizome  of  I'cratnim  liridc,  and  three 
other  alkaloids :  ccvadilline.  sabadine  and  sabadinine,  the  two  latter 
being  crystalline. 

The  bulbs  of  Dkath  Camas  (Zygadenus  venenosus),  known 
to  the  Xcz  Perce  Indians  as  "  Wa-i-mas,"  contain  the  alkaloids 
veratalbine,  sabadine  and  saliadinine. 

Bi-.\CK  Hellebuke  consists  of  the  rhizome  and  roots  of  HeUe- 
borus  nifii'r  (Fam.  Ranunculacex).  a  perennial  herb  indigenous 
to  the  Eastern  and  Southern  Alps  a!ui  also  cultivated.  Tlie  rhizome 
is  2.5  to  7.5  cm.  long,  6  to  12  mm.  in  diameter;  with  numerous 
short,  knotty  branches  and  short,  brittle  roots:  externally,  of  a 
grayish-black  color;  internally,  with  a  characteristic  dicotyle- 
donous structure;  odor  sliglit;  taste  sweet,  somewhat  bitter  and 
acrid.  The  drug  contains  two  crystalline  glucosides:  helleborin. 
a  narcotic  poison  with  a  burning  taste,  and  hcllehorein.  a  cardiac 
stimulant  and  having  a  sweetish  taste.  The  former  gives  a  violet- 
red  color  with  concentrated  sulphuric  acid  and  the  latter  a  deep 


496 


BOTANY  AND  PH.\RMACOGXOSY. 


violet  color  with  the  same  reag-ent.  The  <lnig  also  contains  a  vol^ 
tile  oilj  two  acrid  resins,  an  acrid  fixed  oil,  aconitic  acid  and  gal- 
latps  uf  calcium  am)  potassium. 

The  rhizome  of  Heileborus  viridis  (so-called  "  Green  Hei-le- 
bore"),  a  plant  found  in  Middle  and  Soutlieni  Eurojjc.  has  been 
used  similarly  to  that  of  H.  nigcr.  li  contains  the  same  principles 
as  H,  itigcr.  Uic  helleborcin  a]}parcntly  predominating. 

False  HELLEHotiE  is  the  entire  lierb  lyi  .iJottis  vcrnalis  (.Fam. 
Ranuiiculaccis  )  antl  other  sijecics  uf  Adonis  indigenous  to  Europe 
and  Asia.  The  drug  contains  adonidin.  a  mixture  of  several  prin- 
ciples, the  most  important  being  the  amorphous  glucosidc  picra- 
donidin.  a  principle  resembling  digitalin  in  its  phvsioIt)gic  action. 

CALAMUS.— SWEET  FLAG.— The  dried,  uniieeled  rhizome 
of  .'Icorus  Calamus  ( I'am.  Aractse),  a  ]>creimial  herb  witlcly  dis- 
tributed in  all  north-temperate  regions  (]>.  233).  The  coni- 
n^ercial  supplies  are  obtainetl  from  the  United  Stales,  fiennany, 
England,  Russia  and  India.  The  rhizomes  are  collecte<l  in 
autumn,  tlie  drug  from  India  being  the  more  aromatic,  whereas 
the  German  j)roduct,  on  account  of  the  removal  of  the  outer  [wjr- 
lion  of  the  rhizome,  is  probably  the  least  aromatic.  A  confection 
was  at  one  time  made  by  "  candying  "  the  fresh  rhizome. 

Descrhtion. — Horizontal,  cylindrical,  slightly  compressed, 
usually  split  longitudinally  into  pieces  g  to  15  cm.  long.  5  to  12 
mm.  in  diameter;  externally  light  brown  or  yellowish  green, 
annulate  from  remnants  of  circular  bud-scales,  upper  surface  with 
triangular  leaf-scars  or  hair-like  fdicrs  of  fihrovascular  ti.ssue.  the 
sides  with  large  circular  branch-scars,  and  the  under  and  side 
portions  with  root-scars  or  short  fragments  of  roots :  fracture 
short:  internally  light  brown,  distinctly  porous,  with  numerous 
intercelltdar  spaces,  endodermis  distinct;  odor  aromatic;  taste 
strongly  aromatic  (Fig.  tot,  fl). 

CoxsriTi*ENTs. — ^'olatile  nil  1.5  to  3.5  per  cent.,  having  the 
odor  and  taste  of  the  drug;  acorin.  a  bitter,  viscid,  aromatic  gluco- 
sidal  principle,  which  when  hydrolized  in  a  current  of  hydrc^en 
yields  oil  of  calamus;  choline  ) trimethyl-oxyetliyl  ammonium 
hydrate"),  a  strong.  nnn-poi;;onous  base,  and  formerly  known  as 
calamine :  a  soft  resin  about  2.3  per  cent. ;  tannin ;  mucilage ;  starch 
and  calcium  oxalate. 
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Deschiption. — Rhizome  horizontal,  with  numerous 
or  curved  branches  and  few  roots.  2  to  15  cm.  long,  I  M 
in  diameter;  externally  dark  brown,  slightly  anntUate  HI 
cular  scars  of  bud-scales,  the  upper  surface  with  buds,  stei 
and  stem- renin  ants,  under  and  side  portions  with  numcroi 
scars  and  few  roots:  fracture  horny;  internally,  bark  dark 
about  I  mm.  thick,  wood  dark  brown.  4  to  5  mm.  thick,  di 
radiate ;  pith  3  to  5  mm.  in  diameter ;  odor  slight ;  taste  bit 
acrid. 

Roots  brittle,  nearly  cylindrical  or  obtusely  quadra: 
externally  dark  brown.  longitudinally  wrinkled,  3  to  12  en 

1  to  2  mm.  in  diameter;  fracture  short;  internally,  bai 
brown,  0.2  to  0.4  mm.  rliick,  wood  light  brown,  usually  foui 

IxNEK  Structure. — See  Fig.  217.  ■ 

CoN'sTiTUENTS, — Gmicifugin  (macroiin  or  macrotynT, 
ture  of  resinous  substances  of  a  yellowish-brown  color,  ; 
ing  the  active  properties  of  the  dnig  and  amounting  to  : 
per  cent. ;  considerable  starch  and  a  tannin-like  principle  g 
green  color  with  ferric  salts,  thus  distinguishing  the  dm 
the  rhizome  of  Heltcborus  ni^cr  (p.  495).  ■ 

HVDR.ASTIS.— GOLDEN  SEAL.— Tlie  dried  rhizffl 
roots  of  Hydrastis  cattadcnsis  (Fam.  Ranunculaccae).  a  p< 
herb  (Fig.  218)  indigenous  to  the  Eastern  United  Stai 
Canada  (p,  268).    The  rhizome  and  roots  arc  collected  in  a 

Description. — Rhizome  horizontal  or  oblique.  sub-cyH 

2  10  5  on.  long,  3  to  6  mm.  in  diameter ;  extcmaUy  yello^ 
dark  brown,  slightly  annulate  from  circular  scars  of  bud 
upper  surface  with  numerous  short  stem-remnants  or  ster 
under  and  side  portions  with  numerous  roots  or  root-scan 
lure  short,  waxy ;  inlemally  deep  yellow,  bark  about  o 
tliick,  wood  radiate,  about  1  mm.  thick,  pith  light  yell 
distinct;  taste  bitter. 

Roots  4  to  7  cm.  long,  0.2  to  0.4  mm.  in  diameter;  m 
bright  yellow,  wocwl  somewhat  quadrangular. 

Inneh  Structure. — See  Figs.  219.  292.  ■ 

Constituents. — Two  alkaloids — one.  hydrastinc.  occui 

the  extent  of  2  to  3  per  cent.,  and  forming  colorless,  t 

4-sided  prisms,  although  the  salts  arc  pale  yellow  and  biti 
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and  Central  United  States  and  l^anada  (p.  iyf^).  The  rliizonie 
and  roots  arc  colleclcti  in  autumn  from  plants  of  the  second  year's 
growth.  When  fresh  the  drug  has  an  almond-like  odor  and  a 
bitter,  nau.scotis  taste,  which  it  loses  in  a  measure  on  drying,  and 
may  be  kept  indefinitely  (Pig.  207). 

Di-scRMTioK, — Rhizomt:  horizontal,  nearly  cylindrical,  soiue- 
wliat  branched,  4  to  10  cm.  long,  3  to  8  nun.  in  diameter ;  exter- 
nally light  brown  to  brownish-red ;  annulate  from  circular  scars 
of  bnd-scales,  upper  surface  with  conical  buds,  short  stem-rem- 
nants or  stem-scars,  the  umlcr  and  side  portions  with  numerous 
roots  or  root-scars;  fracture  tough;  internally,  bark  dark  brown, 
0.3  to  I  mm.  thick,  wooil  about  0.5  to  1.5  mm.  thick,  pith  light 
brown  or  brownish-black ;  odor  slight ;  taste  bitter,  slightly  acrid. 

Roots  from  i  to  4  cm.  long,  0.5  to  1  mm.  in  diameter,  e.xter- 
nally  smooth;  longitudinally  wrinkled,  fracture  short;  internally, 
bark  brownish-black,  wootl  light  brown. 

Constituents. — Leptandrin,  a  glucoside.  occurring  in  yellow- 
ish-green crystals;  resin,  about  6  per  cent.;  saponin:  tannin;  and 
starch.    The  drug  yields  a  distillate  containing  formic  acid. 

SERPENTARIA. — The  rhizome  and  roots  of  several  species 
of  Aristolochia  (Fam.  Aristolot^liiaceje").  perennial  herbs  indig- 
enous to  the  Southern  United  States.  There  arc  two  commercial 
varieties:  (i)  Virginia  Snakeroot.  yielded  by  Aristolochui  Scr- 
ffcntarta.  found  growing  east  of  the  Mississippi,  and  (2)  Texas 
or  Red  River  Snakeroot.  yielded  by  Aristolochia  reticulata,  grow- 
ing west  of  the  Mississippi.  The  rhizome  and  roots  are  collected 
in  antmnn  and  dried  (p.  260). 

Virginia  Sn.\keroot. — Rhizome  oblique,  sub-cylindrical,  with 
numerous  slender  roots  and  frequently  with  leaves  or  fruiting 
stems.  10  to  35  mm.  long,  and  2  to  4  mm.  in  diameter;  externally 
darlc  brown,  slightly  annulate  from  scars  of  bud-scales,  upper  por- 
tion with  stem-scars  or  stem-remnants,  under  and  side  portions 
with  nnmcrniis  roots  and  root -scars:  fracture  short:  internally, 
bark  dark  brown.  0.3  to  0.5  mm.  thick,  wood  yellow,  radiate, 
porous,  I  to  1.5  mm,  thick,  pith  i  mm.  in  diameter;  odor  tere- 
bintbinate;  taste  bitter,  aromatic. 

Roots  nearly  straight,  4  tn  7  cm.  long,  about  0.5  mm  in  diam- 
eter, longitudinally  wrinkled,  bark  light  brown.  wockI  yellowish, 
5- rayed. 
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Texas  Snakeroot. — Rhizome  5  to  10  mm.  long,  i  to  2  mm. 
jn  diameter;  roots  about  0.3  mm.  in  diameter,  with  numerous 
more  or  less  interlacing  rootlets. 

Constituents. — Volatile  oil  0.5  to  t  per  cent,  the  important 
constituent  of  which  is  borneol ;  a  bitter  poisonous  principle,  aris- 
tolochin  (serpentarin)  ;  an  alkaloidal  principle,  aristolochine ;  sev- 
eral organic  acids;  starch;  ash  about  10  per  cent. 


r--K»d. 


Pto.  lat.  Ruellia  eitiata.  the  rhizome  ta\A  roou  of  which  ore  m  oocnmon  adulterant 
of  «[>!««!».  A.  tranivcrsc  trctun  of  >  VKixuAmry  tdoi;  C.  conical  p«nnchymii  with  on« 
cystolith  Aod  a  number  of  Mone  cclU  with  verj'  tliick  walls  atiii  raduiiing  Mmi^k  pores: 
Enil.  cniloderniM.  H.  lonsitiidinal  section  of  ihc  umc  root,  showing  ti  linglc  cell  m-ith  an 
elongated  cyaiolith,  the  cncnutalicm  beinfi  of  caldutn  carbonate. — After  Holm. 


SPIGELIA.— PINKROOT.— The  rhizome  and  roots  of  Spi- 
gel'm  marilandica  ( Fam.  LoganiaccaO.  a  perennial  herb  (Fig. 
172)  indigenous  to  the  Southern  Ignited  States  (p.  3O2).  Spi- 
gclia  should  be  collected  iu  autumn,  carefully  dried  and  preser^'cd. 
and  not  kept  longer  than  two  years. 

Descriition. — Rhizome  horizontal  or  slightly  oblique,  more 
or  less  branched.  1.5  to  3  cm,  long.  2  to  3  mm.  in  diameter;  exter- 
nally dark  brown,  slightly  annulate  from  scars  of  l)ud-scales.  the 
upper  portion  with  stem-scars  or  stcm-rcninants.  under  and  side 
portions  with  numerous  roots  and  root-scars :  fracture  short ;  inter- 
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nally.  bark  dark  brown,  0.2  to  0.5  mm.  thick,  wood  yellow,  slightly 
radiate.  1  to  1.5  mm,  thick,  pith  1  mm.  in  diameter;  odor  slightly 
aromatic ;  taste  bitter,  pungent. 

Roots  5  to  10  cm.  long,  about  0.3  mm.  in  diameter,  with 
numerous  rootlets;  externally  dark  brown.  longitudinally  wrin- 
kled; internally  light  brown,  wood  nearly  cylinflrical,  porous. 

Constituents. — A  crystaltinc,  volatile  alkaloid,  spigeline, 
which  somewhat  resembles  coniine  and  nicotine  and  which  forms 
precipitates  with  Iodine  or  Mayer's  reagent  that  are  soluble  in 
mineral  acids;  a  bitter,  acrid  principle,  volatile  oil,  resin,  tannin 
and  starch. 

Anri.TER.vNTS. — For  some  years  past  another  rhizome  has  been 
substituted  lor  Spigelia,  viz.:  that  of  RuclUa  ciliosa  (p.  ^/7). 
The  rhizome  is  oblique,  with  shorter  internodes  at  the  lower  por- 
tion and  the  basal  part  of  the  aerial  shoots  usually  remains 
attached.  The  roots  are  quite  long,  sparingly  branched  and 
generally  coarser  than  those  of  Spigelta.  The  inner  structure  of 
Ruellia  is  quite  distinct  from  Spigelia.  showing  numerous  stone 
cells  and  cvslolilhs  in  the  cortex  ( F^ig.  221). 

VALERFANA.— VALERIAN.— The  rhizome  and  roots  of 
Valeriana  ofBdnaiis  i'Fani.  Valerianaceie ) .  a  perennial  litrb  (p. 
385)  imligcnous  to  Europe  and  Asia,  and  cultivated  in  Holland. 
Germany.  England  and  the  New  England  States,  being  more  or 
less  naturalized  in  this  cmnUry  as  far  south  as  New  York  and 
New  Jersey.  The  rhizome  is  collected  in  autumn,  cut  into  longi- 
tudinal slices  and  dried  by  artificial  heat.  There  are  several  com- 
mercial varieties,  and  it  is  said  that  some  of  the  drug  is  derived 
from  I 'alerUma  syh-attca. 

DESCR!t*TtoN. — Rhizome  upright,  slightly  ellipsoidal,  more  or 
less  truncate  at  both  ends,  from  2.5  to  4  cm.  long  and  i  to  2  cm. 
in  diameter,  usually  cut  longiludinally  into  two.  four  or  more 
pieces:  externally  dark  brown,  upper  portion  widi  cirailar  stem- 
and  leaf-scars,  the  sides  sometimes  with  short  branches  or  stolons 
from  5  to  8  cm.  lojig.  with  inimcrous  roots  and  few  root-scars; 
fracture  short,  homy:  internally  liglit  brown;  otior  pronounced, 
becoming  stronger  on  keeping  the  drug :  taste  somewhat  aromatic. 

Roots  3  to  to  cm.  long,  0.5  to  I  mm.  in  diameter,  longitudinally 
wrinkled ;  fracture  brittle. 
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Constituents. — ^Volatile  oil  0.5  to  3  per  cent.,  of  whicli  9.5 
per  cent,  is  bomyl  valerate.  It  also  contains  bomyl  formate, 
acetate  and  biityratc;  bomeoi :  pinenc;  camphene,  and  a  sesqui- 
terpene. The  odor  of  valerian  is  due  to  the  isovalerianic  add 
which  is  formed  from  the  bornyl  valerate  by  the  action  of  an  oxy- 
dase during  the  drying  of  the  drug.  The  fresh  drug  contains 
o.ot5  per  cent,  of  an  alkaloid  and  also  a  glucoside  and  a  resin, 
all  three  of  which  are  physiologically  active,  the  two  former 
being  unstable.  The  <Iriig  also  ctinlains  free  formic  and  acetic 
acids  and  malates ;  tannin ;  and  .starch. 

Allied  Pi.ants. — Kesso  root  oil  is  obtjiined  from  Japanese 
Valerian  (J'alrriaitn  nngustifolia).  The  constittients  are  similar 
to  those  of  the  volatile  oil  in  Valerian,  but  it  contains  in  addition 
kessyl  acetate  and  kcssyl  alcohol.  Mexican  Valerian,  derived  from 
y.  mexicana.  yields  an  oil  containing  about  89  per  cent,  of  iso- 
valerianic aci<l. 

The  small  rhizomes  of  V'aUriana  ccltica,  a  plant  growing  in 
the  Styrian  .Alps,  yield  a  volatile  oil  with  an  odor  resembling  that 
of  Anthemis  and  patchouly. 

Adulterants  and  Substitutes. — ^The  most  dangerous  ad- 
mixture that  has  been  reported  is  Veralrum,  which  is  readily 
distinguished  (p.  492).  Cypripedium  macranlhum  (Fani.  Orch- 
idaceae),  of  Germany,  has  been  used  as  a  substitute  for  valerian. 

GERANIUM.— WILD  OR  SPOTTED  CR.\NESRILL.— 
The  dried  rhizome  of  Geranium  maculatum  (Fam.  Geraniacese), 
a  perennial  herb  (Fig.  155),  indigenous  to  Canada  and  the  East- 
ern and  Central  United  States  {p.  301).  The  rhizome  is  collected 
in  the  late  smnmer  or  early  autumn. 

Description. — Horizontal,  cylindrical,  tuberculate,  curved  or 
bent  pieces.  2.5  to  5  cm.  long.  3  to  10  mm,  in  diameter;  exter- 
nally dark  brown,  wrinkled,  upper  and  side  ixirtious  with  numer- 
ous buds  or  circular  slem-.scars,  under  surface  with  numerous  root- 
scars  ;  fracture  short;  internally  light  brov\Ti,  tiark  thin,  wood 
in<listinct.  pith  large;  odor  slight:  taste  astringent. 

Constituents. — Tannin  15  to  25  per  cent.,  which  on  hydro- 
lysis yields  gallic  acid :  starch ;  and  calcium  oxalate. 

Allied  Plants. — Other  species  of  geranium  contain  similar 
principles. 
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PODOPHYLLUM.— MAY  APPLE— The  rhizome  of  Podo- 
phyllum pcUiUum  (Fam.  Berberidaceas),  a  perennial  herb  (Fig. 
222)  indigenous,  to  Eastern  North  America  (p.  273).  The  rhi- 
zome is  collecte<l  late  in  snmmer  an<I  dried,  after  tlie  remnval  of 
the  rootlets.    (Figf.  104.)     Most  of  the  commercial  supplies  come 
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Pig.  i3>.  Top  of  fertile  fhoot  of  Muy  apple  {Padafik^utm  p^ltatum)  having  two  large 
pdtBtc  polsuicly  lobcd  Icavck,  in  the  kxU  of  wbicb  is  Uic  tiaby  Iruit  coniaining  nunutRMts 
tnmcaui  ovoid  WAd*. 

from  the  Central  States.  Both  the  leaves  ami  the  fruit  apparently 
contain  a  purgative  resin  similar  to  that  found  in  the  rhizome. 
The  berry,  which  is  known  as  May,  Indian,  Hog  or  Devil's 
apple:  wild  or  ground  lemon,  and  Raccoon-berry,  is  generally 
considered  to  be  edible,  but  several  cases  of  poisoning  from  it 
Iwve  iKcn  recorded. 

Description. — Horizontal,  nearly  cylindrical,  flattened,  some- 
times branched,  jointed,  in  pieces  3  to  S  cm.  long,  internodes  4  to 
10  cm.  long,  5  to  9  mm.  in  diameter,  nodes  7  to  18  mm.  in  diam- 
eter and  5  to  12  mm.  thick :  externally  dark  brown.  longitudinally 
wrinkled  or  nearly  smooth,  with  irregular  scars  of  bud-scales, 
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Inner  Structure, — Sec  Fig.  223. 

Constituents. — Resin  (official  as  Resin  of  Podophyllum) 
3.5  10  5  per  cent.,  consisting  of  two  poisonous  principles;  (a) 
podophylloioxin,  20  per  cent.,  occurring  in  white  crystals  that 
arc  sparingly  soluble  in  water  and  yield  on  treatment  with  water 
podophyllic  acid  and  picropodophyllin ;  and  (b)  picropodophyl- 
lin  (an  isomer  of  podophylloioxin),  which  crystallizes  in  needles 
and  is  insoluble  in  water  but  soluble  in  90  to  95  per  cent,  alcohol. 
The  resin  also  contains  a  yellow  crystalline  coloring  principle 
resembling  quercetin,  a  green  fixed  oil  and  iMidophyllic  acid.  The 
rhizome  also  contains  a  purgative  resin,  podophylloresin ;  consid- 
erable starch,  and  some  gallic  acid. 

Allied  rL.\NTS. — The  rhizome  of  PodophyUnm  Emodi,  a 
plant  growing  on  the  lower  slopes  of  the  Himalayas,  is  larger  and 
yields  1 1.4  to  12  per  cent,  of  resin,  which  consists  of  but  half  as 
much  |xxlophylIotoxin  as  the  resin  obtained  from  P.  pcltatujn. 
SANGUINARIA.— RLOODROOT.— The  rhizome  of  San- 
gutntirta  cattadensis  ( Fam.  Papaveraceae),  a  perennial  herb  (Fig. 
148)  indigenous  to  the  Fasicrn  and  Central  United  States  and 
Canada  (p.  280).  The  rhizome  should  be  collected  in  July  ot 
August  and  dried. 

DKStRii'TioN. — Horizontal,  irregularly  cylindrical,  flattened, 
sometimes  branched,  2.5  to  6  cm.  long,  5  to  10  mm.  in  diameter; 
externally  dark  brown,  slightly  aniinlate.  with  few  Inids  or  slem- 
scars  on  upi>er  surface  ami  numerous  riHit-scars  on  lower  surface; 
fracture  short  an<l  somewhat  waxy;  internally,  bark  dark  brown, 
about  0.5  mm.  thick,  wood  and  pith  with  numerous  reddish  resin- 
cells  ;  odor  slight ;  taste  bitter  and  acrid- 
Shriveled  rhizomes  which  are  gray  internally  and  free  from 
starch  should  be  rejected. 

Constituents. — TTic  drug  contains  a  number  of  alkaloids,  of 
which  the  most  iniiwrtant  is  SANCUiNARtNE;  it  occurs  to  the 
extent  of  aliout  t  per  cent.,  crystallizes  In  colorless  needles  and 
yicWs  reddish  salts  with  nitric  or  suliihuric  acid.  The  other 
alkaloids  include  chelervthrine.  which  forms  yellowish  salts; 
protopine,  also  found  in  other  plants  f  p.  282),  and  /?-  and  y-homo- 
chelidoninc.  which,  like  the  last  two  alkaloids,  are  found  in  C"heli- 
donium  and  some  other  plants  (p.  281).    In  addition,  the  drug 
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conuins  a  reiMish  resin,  several  organic  adds,  as  citric  and  malic, 
and  considerable  starch. 

SCOPOLA.— BELLADONNA  SCOPOLIA.— The  dried 
rhiwjnic  of  Scopolia  camiolka  (Fam.  Solanacca?),  a  perennial 
herb  growing  in  the  region  of  tJie  Eastern  Alp*,  Carpathian  Moun- 
lains  and  neighboring  regions. 

Description, — Rhizome  horizontal,  nearly  cylindrical,  some- 
what tortuous,  usually  cut  longitudinally  into  pieces  5  to  I J  cm. 
long.  7  to  15  mm.  in  diameter;  externally  grayish-brown,  lonpi- 
luJinally  furrowed,  slightly  annulate,  with  numerous  circular 
stem-scars  about  5  mm.  in  diameter,  under  jwrtion  with  root- 
scars  and  root-remnants;  fracture  short,  mealy;  internally  whitish 
or  light  gra>ish-brown,  bark  i  mm.  or  less  thick,  woo<l  slightly 
radiate,  rather  large,  horny  pith :  odor  slight ;  taste  starchy,  sweet- 
ish, afterward  acrid.     (Fig.  175a,) 

Tlie  roots,  which  arc  attached  to  the  rhizome  or  in  separate 
pieces,  are  c>lindrical,  tapering,  varying  in  diameter  from  2  to  10 
mm.,  longitudinally  wrinkled,  and  marked  by  lenticular  whitish 
areas  resembling  lenticels. 

CoxsTiTi-EXTS. — .^bout  0.6  pcf  ccnt.  of  total  alkaloids,  includ- 
ing atropine,  hyoscyaminc  and  scopolamine  (hyoscinej.  Scopola- 
mine is  official  as  a  hydrobromidc,  and  exists  in  the  drug  to  the 
extent  of  0,06  per  ccnt.  Scopolamine  decomposes  into  >copoline 
and  atropic  acid  when  treated  with  boiling  bar>*ta  water.  Scopo- 
line  resembles  tropine,  a  principle  formed  from  atropine  and  hyos- 
cyamine,  when  similarly  treated. 

Alubo  Pi^jCTs. — Japanese  belladonna  is  the  rhizome  of  Sc<^- 
fofia  japonica.  growing  in  Japan,  and  closely  related  to  S.  cami- 
olica.  The  drag  resembles  scopola  and  apparently  contains  the 
*aine  principles.  The  rhizomes  of  six  other  species  of  Scopolia 
arc  also  used. 

Scopolia  Le.wes  are  used  in  medicine  like  belladonna  leaves, 
and  are  said  to  be  sometimes  admixed  with  tbem.  They  arc  obo- 
vate.  slightly  acuminate,  and  taper  gradually  into  the  rather  long 
pcliole  (p.  372:  Fig.  273). 

COLCHICI  COR^(US.— COLCHICUM  CORM— The  corm 
of  Colcbicum  auhimnale  (Fam.  Liliaccae).  a  perennial  bulbous 
plant,  native  of  and  growing  in  moist  meadows  and  pastures  of 
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England,  Souihtrrn  and  Middle  Europe  and  Northern  Africa 
(p.  236).  The  corm  is  collected  in  early  summer  before  tlie 
flowering-  period,  deprived  of  the  mcnibranons,  scaly  coal,  cut  into 
transverse  ]»ieces,  and  dried  at  a  temperature  below  65^  C.  Tul>ers 
that  are  collected  in  the  fall  either  during  the  flowering  season 
or  later  are  considered  to  be  more  active.  The  commercial  supply 
is  obtained  from  England  and  Gennun\. 

Description. — Obconical.  with  a  groove  on  one  side,  some- 
times willi  fragpnents  of  the  flower-stalk,  nsnally  in  transverse, 
renifonn  sections  from  15  to  jo  mm,  Inng.  aboul  u  mm.  wide  and 
3  to  s  mm.  thick  ;  externally  dark  browTi,  longitudinally  wrinkled ; 
fracture  short,  mealy;  intenially  light  brown,  with  numerous  scat- 
tered fibrovascular  bimdles;  odor  slight;  taste  bitter  and  acrid. 

Inkek  Stbi;ctuke. — See  Fig.  310. 

CoNsTiTii^NTS. — A  yellowish,  amorphous  alkaloid,  colcui- 
ctNE.  about  0.4  per  cent.,  which  has  a  peculiar  odor,  particularly 
on  beating  slightly,  is  soluble  in  hot  water  and  gives  with  con- 
centrated sulphuric  acid  a  yellowish  solution  which  is  colored 
deep  reti  on  heating,  if  ilie  sidphuric  acid  contains  a  mere  trace 
of  nitric  acid  the  solution  of  the  alkaloid  becomes  yellowish- 
green,  green,  binish-green.  blue,  violet.  wincTrcd  and  tinally  yel- 
low. The  salts  of  colchicine  are  (|uite  unstable.  The  drug  also 
contains  the  alkaloid  colcuiceinu,  which  crystallizes  in  needles 
and  is  apparently  fonned  during  the  extractittn  nf  the  drug  by 
reason  of  the  decomi>osition  of  colchicine.  The  latter  may  be 
formed  on  the  esterification  of  colchiceinc  with  methyl  alcohol. 
The  corm  also  contains  two  resins ;  a  large  amount  of  starch ;  ash 
about  2.5  per  cent. 

SCIiIlA.— SQUILL.— The  fleshy  scales  of  the  bulb  of  Urgi- 
nra  tnaritinia  (Fam.  Liliaceic).  a  perennial  herb  indigenous  to  the 
Mediterranean  region.  The  bulbs  are  collected  late  in  August, 
and  after  the  removal  of  the  membranous  outer  scales  and  the 
central  portion,  the  fleshy  scales  are  cut  into  transverse  pieces 
and  dried  in  sunlight  or  by  artificial  heat.  The  article  used  in 
France  is  collected  from  bulbs  having  reddish  scales  and  is 
obtained  from  Algeria  and  Malta  (p.  238I. 

DnscKiPTioN. — In  irregular,  curved,  flat,  narrow,  somewhat 
translucent  pieces  3  to  5  cm.  long,  5  to  8  mm,  wide,  2  to  7  mm. 
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tliick,  whitish,  Icmon-jellow  or  liglu  brown,  epidermis  fonning  a 
thin  layer,  mesophyll  more  or  less  shrunken,  slightly  crystalline 
and  with  nunierous  circular  projections  of  fibrovasctilar  bundles; 
fracture  brittle  when  dry,  tough  when  damp ;  odor  slight ;  taste 
bitter  and  acrid. 

Constituents. — Squill  contains  a  number  of  active  principles, 
of  which  the  most  iini}ortant  are  ihe  amorphous  glucoside  scilH- 
toxin,  which  resembles  digitoxin  physiologically,  and  scillipicrin, 
an  amorphous,  bitter  principle,  which  is  employed  as  a  (iiuretic.  It 
also  contains  a  yellow  crystalline  glucoside  scillin;  an  amorphous 
bitter  glucoside.  scillain ;  a  little  volatile  oil ;  sugar,  about  22  per 
cent. :  consiilerable  calcium  oxalate  in  the  form  of  raphides  (Fig. 
281,  B],  which  is  associated  in  the  parenchyma  cells  with  a 
peculiar  nmcilage  sinistrln.  which  yields  levulose  on  hydrolysis. 

Alued  Plants. — The  bulbs  of  several  species  of  Crwmn 
(Fani.  Aniaryllidace«)  found  growing  in  Rrazil,  China.  Southern 
Asia  and  the  East  indies  are  used  as  substitutes  for  squill. 

in.      PARTS   OF   ROOTS    AND   STEMS. 


PITH,  WOOD  AND  BARK, 

The  aaivc  principles  are  not  uniformly  distributed  throughottt 
all  parts  of  the  plant,  but  occur  in  greater  amount  in  the  bark 
than  in  the  wood,  as  in  Ipecac;  in  larger  proportion  in  the  root 
bark  than  in  the  stem  bark,  as  in  Graiiatum ;  and  in  larger  amount 
in  the  inner  bark  and  cortex  than  in  the  i>eriderm  layers,  as  in 
Qucrcus  alba.  This  is  in  general  true  of  herbaceous  plants,  as 
well  as  of  trees  and  shrubs,  but  in  most  of  the  medicinal  roots  and 
rhizomes  it  has  not  l>een  found  economical  to  separate  the  bark 
from  the  wood,  which  usually  contains  some  of  the  active  prin- 
ciples. .\  large  number  of  the  barks  alone  of  shrubs  and  trees  arc 
iis<*d  medicinally.  By  ihe  term  bark  is  usually  meant  all  that 
portion  of  the  root  or  stem  which  is  developed  outside  of  the  cam- 
bium, and  this  is  commonly  differentiated  into  two  distinct  parts — 
one  next  to  the  cambium,  in  which  the  life-processes  take  place, 
contains  the  greatest  amount  of  active  principles,  and  is  known 
as  the  INNER  BARK  ( Figs.  227,  231,  234);  another,  external  to 
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this,  having  a  greater  or  less  tlevelopment  of  cork)-  layers 
among  more  or  less  oblilcraleil  sieve  ant!  iiarenchymalotis  cells, 
is  known  as  the  outek  hark.  The  term  bark  is  sometimes 
rcslricteil  to  this  outer  layer,  hnt  this  is  more  or  less  confusing 
and  has  not  been  generally  a(io|.!''cI.  The  tenn  bork  is  frequently 
applied  to  llie  outer  corky  layers  and  the  dead  tissues  enclosed  by 
them  (Figs.  237,  238).  The  term  periderm  is  applied  to  all  the 
tissues  pri:Khicc<l  by  tlic  phellogcn.  the  older  layers  of  periderm 
l>ciiig  included  in  llie  bork. 

In  a  few  cases  the  wood  alone  is  employed  in  medicine  and. 
like  the  I>ark.  may  be  diflfcrcntiated  into  two  layers — tlic  one  next 
to  the  cambium,  in  which  the  ascent  of  the  cell-saji  takes  place, 
known  as  the  SAi'-wnoo.  and  another  at  the  ceiUcr  of  the  trunk  or 
sttm.  which  is  usually  darker  in  color  and  may  contain  resinous, 
coloring  and  other  substances,  and  denominated  the  iiiiAUT-woon, 
the  latter  l>cing  tlie  part  usually  employed  in  medicine  and  the  arts. 

The  pith  being  in  the  nature  of  a  reserve  tissue  may  contain 
various  of  the  carbohydrates.  Sassafras  pith  furnishes  an  example 
of  this,  being  used  in  medicine  on  account  of  the  mucilage  it 
contains. 

TI»e  following  artificial  classification  may  be  found  of  assist- 
ance in  the  study  of  the  drugs  of  tliis  class: 

I.  Barks. 

I.  With  peridenn. 

A.  YfUowish-rcd  to  dark  brf>wn, 
a.  Fracture  short 

a  Aromatic  odor  and  taste. 

Dark  brown .CinnamcHiium  Saigonicum 

/J  Without  arnmatic  odor  and  taste. 
*  Usually  in  quills. 

Few  Icnticels Cinchona 

Numerous  lenlicels  Franf^la 

••Usually    in    flattened   or    transversely    curved 
pieces. 
Inner  surface  reddened 

with    alkalies Rhamnus    Purshiana 

Odor  of  Valerian.  ..   Viljiirnum   Frunifolium 
.\5tringent  Hamamelidia  Cortex 
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I,  Barks.~Con/ifiii«(f. 

b.  Fracture  fibrous. 

Tough-fibrous  Gossypii  Cortex 

Short-fibrous  Rubus 

B.  Grayish  to  grayish-black. 

a.  Fracture  fibrous. 

Fracture    silky-fibrous    Euonymus 

Fracture  uneven,  fibrous Viburnum   Opulus 

b.  Fracture  short. 

a  With  conical  cork-wings.  ..Southern  Prickly  Ash 
P  Cork-wings  wanting. 

Inner  surface  with  acicular 
crystals  Northern  Prickly  Ash 

Inner  surface  non-crystalline Granatum 

C.  Greenish  in  color. 

Fracture  tough-fibrous   Mezereum 

Fracture  short,  granular Prunus  Virginiana 

2.  Periderm  removed. 

A.  Aromatic  odor  and  taste. 

Yellowish-brown  Cinnamomum  Zeylanicum 

Reddish-brown   Sassafras 

B.  Without  aromatic  properties. 

a.  Surface  crystalline  Quillaja 

b.  Surface  non -crystalline. 

Taste  astringent Quercus   Alba 

Taste  mucilaginous Ulmus 

II.  Woods. 

1.  Light  or  bright  yellow Quassia 

2.  Yellowish-red  to  yellowish-brown. 

A.  Imparts  a  violet  or  ivine-color  to  water Haematoxylon 

B.  Coloring  matter  insoluble  in  water Santalum  Rubrum 

III.  Pith. 

'        Whitish,  light  in  weight Sassafras  Medulla 

CINNAMOMUM.— CIXXAMOX  BARK.— The  dried  bark 
of  the  stem  and  branches  of  various  species  of  Cinnamomum 
(Fam.  Lauraceae),  trees  indigenous  to  tropical  Asia  (p.  278), 
where  they  are  now  extensively  cultivated,  and  from  which  tliree 
commercial  kinds  of  bark  are  obtained:  (i)  Saigon  Cinnamon, 
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inner  surface  light  brown,  smooth;  fracture  short;  thick  inner 
bark  scparatetl  from  the  very  thin  jwriderm  by  a  layer  of  small 
stone  cells;  odor  aromatic;  taste  mucilaginous,  aromatic  and 
pungent. 

Cassia  Cinnamon. — In  quilled  pieces,  usually  shorter  than 
those  of  Saig'on  Cinnamon,  the  pcri<lemi  more  or  less  removed, 
and  the  bark  aromatic  and  somewhat  astringent. 

Ci£\'L0N  Cinnamon  occurs  in  closely  rolled  double  quills  com- 
posetl  of  numerous  thin  layers  of  the  inner  bark  of  the  shoots ;  the 
odor  is  delicately  aromatic,  and  very  distinct  from  cither  Cassia 
or  Saigon  I>ark. 

Inner  Structure. — See  Figs.  224,  225.  305. 

Constituk.nts. — The  most  important  constituent  is  the  vola- 
tile oil,  which  in  Ceylon  cinnamon  is  delicately  aromatic  and 
amounts  to  from  0.5  to  i  per  cent.,  in  Cassia  from  0.93  to  164 
per  cent.,  and  in  the  Saigon  from  3  to  6  per  cent.,  the  latter  bark 
being  most  pungent  and  aromatic.  The  oil  of  cinnamon  consists 
in  large  part  of  cinnamic  aldehyde  and  other  compoimds.  such 
as  camphor,  which  is  found  in  the  oil  from  the  root  bark :  safrol, 
which  is  found  in  the  leaves;  and  eugenol,  which  is  found  in  both 
leaves  and  stem  bark  and  which  gives  the  characteristic  odor  to 
Ceylon  Cinnamon. 

Cinnamon  also  contains  the  hexatomic  alcohol  mannitol  (cin- 
namanin)  giving  the  sweetish  taste  to  the  several  barks:  a  lannin 
(3  **^  5  P^'''  cent.)  somewhat  resembling  that  in  Qucrcus  alba  and 
found  in  greatest  amount  in  Cassia  bark  and  least  in  the  Saigon 
variety :  a  bitter  principle  especially  cliaracteristic  of  Cassia  bark : 
and  a  mucilage  which  may  be  the  source,  at  least  in  part,  of  the 
volatile  oil. 

Allied  Plants. — Ratavia  Cassia  or  Fagot  Cassia  is  the  bark 
of  Cinnamomittit  liurmanni.  In  double  quills,  the  larger  some- 
times enclosing  smaller  quills.  5  to  8  cm.  long,  5  to  15  mm.  in 
diameter,  bark  0.5  to  3  mm.  thick ;  outer  surface  liglit  or  reddish- 
brown,  nearly  smooth;  inner  surface  dark-brown  with  occasional 
longitudinal  ridges  and  depressed  areas ;  fracture  short ;  odor  pro- 
nounced, aromatic;  taste  aromatic  and  distinctly  mucilaginous. 
It  forms  a  shiny  glutinous  mass  with  water  and  yields  with  alcohol 
II  to  17  per  cent,  of  extract.    A  number  of  barks  come  into  the 
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market  under  the  name  of  "  Cassia  bark."  In  fact  Cassia  Cin- 
namon is  frequently  known  as  China  Cassia,  or  Canton  Cassia  or 
Cassia  lij^nea,  all  being  synonymous  for  the  same  variety  of  bark. 
Saigon  Cinnamon  is  also  known  commercially  as  Saigon  Cassia. 
The  barks  of  other  species  of  Cinnamomum  also  find  their  way 
into  market  and  are  used  as  substitutes  or  adulterants  of  Cassia 
Cinnamon.  These  are  bitter  or  nearly  tasteless  and  are  free  from 
any  aromatic  properties. 

Clove  bark  is  obtained  from  DicypcUiitm  caryophyllatum 
(Fam.  Lauraccje).  a  tree  indigenous  to  Brazil,  llic  bark  comes 
in  long  quills  consisting  of  6  to  10  pieces  of  bark.  Externally 
<lark  brown  or  purplish-brown :  fracture  short,  with  a  circle  of 
wliitish  stone  cells  near  the  |K*riderm  ;  odor  clove-likc;  taste  nmcil- 
aginous  and  aromatic,  resembling  cinnamon. 

.\  number  ul  other  products  are  also  derived  from  species  of 
Cinnamonuim.  as  the  immature  fruits  of  C.  Loureirii,  which  con- 
stitute the  Cassia  buds  of  the  market.  The  latter  are  club-  or  top- 
shajH'tJ,  5  to  10  mm.  in  diameter,  with  a  sliort  stem  or  pedicel, 
externally  dark  brown,  the  6-Iobed  perianth  foUleil  over  the  de- 
pressed and  smooth  ovary.  The  odor  is  aromatic;  taste  pungent, 
aromatic  and  astringent.  Cassia  buds  yield  a  volatile  oil  contain- 
ing cinnamic  aldehyde,  which  resembles  that  of  Cassia  Cinnamon. 

Wii-D  Cinnamon,  the  bark  of  Cwnamomum  pcdatincn'um.  a 
tree  indigenous  to  the  Fiji  Islands,  yields  a  volatile  oil  containing 
from  40  to  50-per  cent,  of  linalool  and  safrol.  15  to  20  per  cent, 
of  a  terpene:  1  per  cent,  of  eugenol,  and  about  3  per  cent,  of 
eugenol  methyl  ether. 

CINCHONA— CINCHONA  RARK.— The  dried  bark  of  the 
stem  and  brandies  of  various  species  of  Cinchona  (Fam.  Ruhi- 
acese).  trees  indigenous  to  South  America,  but  cultivated  in  nearly 
all  tropical  countries,  from  which  latter  the  commercial  supplies 
arc  obtained.  There  are  two  principal  commercial  varieties:  (i) 
Red  Cinchona,  which  is  yielded  by  Cinchona  succinthra  (p.  379), 
and  (2)  Calisaya  Bark,  yielded  by  Cinchona  Lcd^i^criana  Calisaya. 
When  the  trees  are  from  6  to  9  years  old  they  are  considered 
to  have  ihe  maximum  amount  of  alkaloids  and  the  hark  of  the 
trunk  as  well  as  the  roots  is  removed  anri  allowed  to  dry.  The 
bark  of  the  stbm  is  us«d  in  the  manufacture  of  galenicals,  while 
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Red  Cincuoka. — Usually  in  double  quills  or  rolled  pieces 
(Fig.  226)  cut  into  lengths  from  25  to  40  an.  long,  15  to  20  mm. 
in  diameter,  bark  2  to  5  mm.  thick ;  outer  surface  reddish  or  dark 
brown,  with  grayish  patches  of  foliaceous  lichens,  longitudinally 
wrinkled,  with  few  usually  widely  separated  transverse  fissures ; 
inner  surface  reddish-brown,  distinctly  striate;  fracture  smooth  in 
peridenn,  in  inner  bark  with  projecting  bast  fibers;  odor  distinct ; 
taste  bitter,  astringent. 

Calis.aya  Bark. — Gray  or  brownisli-gray,  with  numerous 
patches  of  foliaceous  lichens,  having  lirownish-lilack  and  reddish- 
brown  ajKHhecia,  and  numerous  transverse  fissures,  which  give 
the  bark  a  very  characteristic  appearance. 

The  trunk  bark  is  comparatively  thick,  while  renewed  bark  is 
comparatively  smooth  and  uniform  in  color. 

Inner  Structukk. — See  Figs.  227:  299,  B;  307;  307a. 

CoNSTiTUEXTS. — .\  large  number  of  alk-aloids  have  been  iso- 
lated from  this  drug,  of  wiiich  the  most  important  are  quinine, 
quinidine,  cinchonine  and  cinchonidine.  The  total  alkaloids 
amount  to  about  6  or  7  per  cent.,  of  which  from  one-half  to  two- 
thirds  is  quinine  in  the  yellow  larks,  whereas,  in  the  red  barks. 
cinchonidine  exists  in  greater  proportion.  Quinine  occurs  in 
small  crystals  wliich  arc  sparingly  soluble  in  water,  soluble  in 
alcohol  and  readily  form  crystallizable  salts  with  acids.  On  the 
successive  ad<litioii  of  dilute  sulphuric  acid,  bromine  or  chlorine 
water  and  ammonia  water  the  solution  becomes  of  an  emerald- 
green  color  (thalleioquin).  QctN'iniNE,  an  isomer  of  quinine, 
crystallizes  in  rhombohcdra  or  monoclinic  prisms  which  are  nearly 
insoluble  in  water  and  otherwise  conforms  to  the  characteristics 
given  for  quinine.  The  solutions  of  quinidine  are,  however,  dex- 
trogyre,  while  those  of  quinine  arc  l.Tvogyre.  Cinchonine  sep- 
arates in  lustrous  prisms  or  needles  which  are  nearly  insoluble  in 
water,  and  does  not  give  the  thalleioquin  test,  but  forms  a  white 
precipitate  upon  the  addition  of  dilute  sulphuric  acid,  bromine 
water  and  ammonia.  Cinchonipine  crystallizes  in  prisms  and 
resembles  cinchonine  in  many  of  its  properties.  Its  solutions, 
however,  are  Ixvogyre.  while  those  of  cinchonine  are  dextrog^re. 

The  other  important  alkaloids  of  Cinchona  which  have  been 
separated  arc:  Quinamine,  hydroquinine,  hydroquinidine,  hydro- 
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amorphous,  bitter  glucosidc,  to  the  amount  of  o.ii  to  1.74  per 
cent;  cincmotannic  acid  from  2  to  4  per  cent,  which  decom- 
poses into  the  nearly  insoluble  cinchona  kKti.  occurring  in  red 
barks  to  the  extent  of  to  \wr  cent. ;  considerable  starch  ;  calcium 
oxalate  in  the  form  of  cry ptocrystal line  crystals ;  and  ash  about  3 
per  cent.  The  red  color  in  cinchona  Iiark  is  due  to  an  oxydase 
similar  to  that  which  causes  the  darkening  of  ffuits  when  cut. 
If  tlie  fresli  bark  is  heated  in  boiling  water  for  30  minutes  and 
then  dried  it  does  not  become  red. 

Allied  Plants. — Loxa  or  Huanco  (Cinchona  pallida)  bark 
is  obtained  from  Cinchona  offidtwlis,  a  shrnb  indigenous  to  Ecua- 
dor, which  was  the  species  first  discovered.  The  plant  is  culti- 
vated in  nearly  al!  the  large  cinchona  plantations  and  yields  a  bark 
(Fig.  226)  that  contains  i  to  4  per  cent,  of  total  alkaloids,  from 
one-half  to  two-thirds  of  which  is  quinine. 

Cui'KKA  n.\RK  is  obtained  from  Rcmijia  Purdicana  and  R. 
peduncuhta.  of  Central  and  Southern  Colombia.  It  has  a  copper- 
red  color,  is  hard,  compact  an<l  heavy,  contalus  numerous  trans- 
versely elongated  .sione  cells  and  2  to  (\  per  cent,  of  alkaloids,  of 
which  one-third  may  Iw  quinine.  Cinchunidiue  ha.t  never  been 
isolated  fnim  this  hark.  Cujirea  hark  also  contains  caffcate  of 
quinine  and  caffeic  acid,  of  which  there  is  al>out  0.5  per  cent., 
and  wliich  closely  resembles  the  same  acid  obtained  from  caffeo- 
ta.nnic  acid  in  coffee. 

FRA\GI;LA.— AKDRR  RUCKTHORN'  RARK.— The 
dried  bark  of  the  .stem  and  branches  of  Rhamnus  Fran^uh  (Fam. 
Khamnacejc).  a  shrub  indigenous  to  Furo]>e,  Northern  Africa  and 
Central  Asia;  and  naturalized  in  Northern  Xcw  Jersey  and  I-ong 
Island.  The  bark  is  collected  in  spring  and  kept  at  least  one  year 
before  being  used,  so  as  to  render  inert  the  irritating  and  nauseat- 
ing principles  which  art*  destroyed  by  a  ferment  during  the  curing 
of  the  drug.  The  same  results  are  said  to  be  obtained  by  heating 
the  bark  at  37.7"  C.  for  48  hours  (p.  3i'6). 

DKSCRimoN. — In  single  or  double  qnills  and  transversely 
curved  pieces.  2  to  30  cm.  long.  I  to  3  cm.  in  diameter,  bark  0.3 
to  I  mm.  thick;  outer  surface  dark  brown  or  purplish-black, 
longitudinally  wrinkled,  with  numerous  lenticels  i  to  3  mm.  long, 
and  with  grayish  patches  of  foliaceous  lichens  and  groups  of 
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ligln  brown  or  brownisli -black  apothecia;  inner  surface  yeUowish 
or  dark  brown,  smooth,  longitudinally  striate,  and  reddened  by 
alkalies;  fracture  sliori,  with  projecting  bast  fibers  in  inner  bark; 
odor  slight ;  taste  slightly  bitter. 

Innrk  STHfCTURE. — Scc  Fig.  228. 

CoNSTrmi.NTS. — A  gUicosidc  frangnUn  (rhamnoxanthin) , 
which  forms  yellow  crystals,  is  insoluble  in  water  antl  nearly  so  in 
alcohol,  gives  a  bright  purple  color  on  the  addition  of  solutions 
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Ptc.  3iS.  Tmasvene  tectioii  of  letter  bark  of  fthamnui  FroKgula:  h.  but  fibcn; 
iturrDund«iI  hy  crystal  fibers:  m,  medullary  ntyi;  parvnchj-m*  oonuinitts  rowtte  mtn- 
galc&  uf  cakium  oxulute.— After  Vogl. 

of  the  alkalies,  and  on  hydrolysis  yields  rhamnose  and  emodin 
(see  Rhubarb).  It  also  contains  the  glncoside  pscudofrangnlin 
(fraiigulic  acid),  which  yields  psendncmndin :  rhamnoxarthin.  a 
colorinj^  principle  ;  a  volatile  oil ;  tannin  ;  starch  ;  calcium  oxalate ; 
and  ash  5  to  6  per  cent. 

Aimed  Plants. — The  bark  of  Rluintnus  CamioHca  has  been 
substitnted  for  R.  Prafijiula.  Tlio  older  pieces  arc  distinguished 
by  having  a  deeply  fissured  cork  and  groups  of  stone  cells.     In 
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souihwcstern  part  of  British  America  (p.  526).  The  bark  is  col- 
lected in  spring  and  early  summer,  and  kept  at  least  one  year 
he  fore  l>eing  used. 

Deschii'Tiok. — Usually  in  flattened  or  transversely  curved 
jjieccs,  occasionally  in  quills  2  to  10  cm.  long,  i  to  3  cm.  in  diam- 
eter, bark  i  to  3  mm.  thick ;  outer  surface  dark  brown  or  brownish- 
red,  frequently  completely  covered  with  grayish  or  whitish  lichens 
(]''ig.  229),  several  of  which  are  peculiar  to  this  bark,  and  witli 
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F)G.  *)9«.  Trsntvcne  MCtion  nf  Inner  hnrV  nf  RlutmHus  PurskiOHa:  H.  troup  of 
•tone  celli,  b,  gnnipt  ot  twit  fibcn>  surroundcil  by  cr>-sia]  fibm.  m.  mrduIUn*  niys;  «b. 
slew  edit;    pAfcxwhytna  coniAiniot;  ro«ctt«  aegrrgstcs  of   calciutn  ox&late.— After  Voffl. 

small  groups  of  brownish  apothecia,  longitudinally  wrinkled, 
sometimes  with  numerous  lenticcls  3  to  6  mm.  long;  inner  surface 
light  yellow  or  rtMldish-brown,  smooth,  longitudinally  striate,  turn- 
ing retl  when  moistened  with  solutions  of  the  alkalies ;  fracture 
short,  with  projections  of  bast  fibers  in  the  inner  bark,  the  medul- 
lary rays  one  to  two  cells  wide,  forming  converging  groups :  in 
cross  section  the  inner  surface  of  the  bark  indistinctly  crenate; 
odor  distinct ;  taste  bitter,  slighll\-  acrid. 
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Inner  Strccture. — Sec  Figs.  229a,  304. 

Constituents. — The  nature  of  the  active  constituents  of  this 
drug  is  not  known.  It  may  contain  the  ghicoside  cascarln  ( piir- 
shiaiun).  which  on  hydrolysis  yielrls  cmodin  and  one  or  more 
active  principles:  and  the  neutral  principle  chrysarobin,  w!iich 
yields  chrysophanic  acid  (sec  RliuharhK  The  bark  apparently 
contains  emodin ;  isoemodin,  a  principle  which  is  isomeric  with 
emodin,  insohihle  in  ammunia  and  resembles  a  siniilar  principle 
in  Franptihi ;  a  principle  which  yields  on  hydrolysis  syring^ic  acid ; 
a  fat  consisting  of  rhanmol  arachidate;  a  bitter  principle;  several 
resins ;  tannin ;  glucose ;  starch  ;  calcium  oxalate ;  and  ash  alxnit  7 
per  cent. 

Adllterants. — Rhamnus  californica.  a  shrub  indigenous  to 
Southern  California  and  the  neighboring  States,  vielils  a  bark 
which  cluscly  resembles  that  of  Rhamnus  Purshiana.  hut  may  be 
distinyuislicd  from  it  by  the  medullary  rays,  which  are  from  3  to  5 
cells  wide,  and  occur  in  more  or  less  parallel  wavy  rows,  and  by 
the  distinct  crenation  of  the  inner  margin  of  the  bark. 

ALi.rEL)  1*LANTS. — The  fruits  of  Rhamnus  cathartica,  a  shrub 
indigenous  to  Central  and  Southern  Europe  and  Asia,  are  used 
under  the  name  of  Bucklhom  berries.  They  are  globular,  alx)ut 
5  mm.  in  diameter,  greenish-brown  or  black,  and  consist  of  four 
i-sceded  nutlets;  the  seeds  are  dark  brown  and  triangular-convex. 
T\\ii  odor  is  slight  but  disagreeable.  The  taste  is  bitter  and  acrid, 
the  saliva  being  colored  yellow.  The  fruits  contain  a  glucoside, 
rhanuionigrin.  which  yields  emodin;  a  bitter  principle;  and  throe 
yellow  coloring  principles,  viz.:  rhamnocitrin,  rhamnoliitin  and 
rhamnochrysin. 

The  fruits  of  Rhamnus  cathartica,  as  well  as  of  R.  infectoria 
(known  as  [-"rench  Berries)  and  of  /?.  saxatUis  (called  Persian 
berries)  have  been  used  as  yellow  dyes.  The  fruits  of  several 
species  grr)wing  in  China  yield  a  green  indigo. 

VIIJURXUM  I*Rl'.Vir<)LlUM.— liLACK  HAW  BARK. 
The  tlried  bark  of  the  vfvyi  of  I'ibtfmum  prunifoHum  or  of  V. 
Lcniago  {Fam.  Caprifoliacex),  shrubs  or  small  trees  indigenous 
to  the  Eastern  and  Central  Initcd  States  (p.  382).  The  root 
bark  is  more  highly  esteemed  than  that  of  the  stem  and  branches 
(Fig,  179). 
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Stem  Bark. — In  transversely  curved  pieces,  or  irregular 
oblcrtig  chips,  1.5  to  6  cni.  long,  0.5  to  1.5  cm.  in  diameter,  0.5 
to  1.5  nini.  thick;  outer  surface  brownish-red  or  grayish -brown, 
longituiljnally  wrinkled,  periderm  occasionally  exfoliated,  with 
occasional  grayish  patches  of  foliaceous  Hchens  and  numerous 
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Pin.  130.  tfamanultj  t<irKiniana:  A.Tr>nrvi;nM  leetionaf  Iwis:  K,  rr>rk;  H,  evils 
of  hyixxlermtt  vtiih  *ini|ilc  inn*  the  celli  cuntaiiiiiut  ehloropUstt  and  tmnll  hmcYi  Kraiiu: 
Cft,  calcium  oxAUt«  co'^t^'^i  ^-  cryita)  tib«rs:  P,  Imui  tiben  with  thick,  tinmflly  ligni- 
firU  wvlli.  S.«cvec«IU;  M,  nieJuUiiry  ray»;  C.canjbium;  W.wuudfibcn;  T.  (menew.  B, 
tftnjtentiftl  ucltnn  of  a  iwig  showtns  atcoe  cells  (St),  crystal  fibers  (CO.  >n<I  ihick-w«n»d 
but  Atfcrv. 


lenticels:  inner  surface  yellowish-  or  reddish-brown,  longitud- 
inally striate ;  fracture  short,  periderm  brownish-red,  inner  bark 
with  numerous  light  yellow  groups  of  stone  cells;  odor  slight; 
taste  astringent  and  bitter. 

Root    B a  k  k  . — Somewhat    resembling    the    stem    bark,    but 
smoother  externally,  without  lichens  and  Iiaving  fewer  lenticels. 
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Constituents.— A  bitter,  somewhat  resinous  principle,  vibur- 
nin;  valerianic  (viburnic)  aciti  an<l  other  organic  adds;  resin; 
tannin;  calcium  oxalate:  ash  about  10  per  cent. 

Adultekaxts. — Tiie  barks  of  one  or  more  allied  species,  espe- 
cially I'iburmtM  dentaium  (page  383),  are  said  sometimes  to  be 
substituted  for  the  official  bark. 

IIAMA.MELIDIS  CORTEX.— WITCI HI AZEL  BARK.— 
The  bark  and  twigs  of  Hamamclis  rirginiana  (Earn,  llamameli- 
dacca?).  a  shrub  (Fi^.  264)  indigenous  to  Canada  and  the  United 
Stale?;  west  to  Minnesota  and  south  to  Texas  (p.  286). 

Description. — Bark  in  transversely  curved  pieces  5  to  20 
cm.  long,  5  to  15  mm.  in  diameter.  Iiark  0.5  to  i  mm.  thick:  usu- 
ally with  the  grayish-brown  or  rcddish-brinvn  periderm  removed, 
outer  surface  light  brownish-red,  smooth ;  inner  surface  light 
reddish -bro%\'n,  longitudinally  striate;  fracture  short-fibrous;  odor 
slight ;  taste  astringent. 

Twigs  2  to  5  mm.  in  diameter;  the  outer  surface  varying  in 
color  from  yellowish-brown  to  blackish-brown,  smtxjth  or  some- 
what scurfy,  longitudinally  wrinkled,  and  with  numerous  small 
lenticels ;  small  twigs  somewhat  zigzag  from  numerous  leaf-scars ; 
bark  thin,  easily  separable  from  the  wliitish,  hard,  radiate  wood; 
pith  small. 

Constituents. — Gallotannic  acid,  a  glucosidal  tannin,  and 
gfallic  acid.  The  bark  a]jparently  also  contains  a  volatile  oil  con- 
sisting chiefly  of  a  terpene  wbich  is  obtained  by  distillation  in  the 
preparation  of  hamamelis  water  or  extract  of  witchhazel, 

GOSSYPII  CORTEX.— COTTON  ROOT  BARK.— The 
dried  bark  of  the  root  of  Goss\'f>ium  hcrbaccum,  and  of  trther 
si>ecies  of  Gossvpium  (Earn.  Malvaceie),  biennial  or  triennial 
shrubs  (Eig.  i6f>)  infligenous  to  sub-tropical  Asia  and  .Africa,  and 
now  cultivated  in  all  tropical  and  sub-tropical  countries  (p.  .529). 

Description, — -In  flexible,  transversely  curved  or  slightly 
quilled  pieces,  f*  to  30  cm.  long.  5  to  15  mm.  in  diameter,  bark 
0.2  to  I  mm.  thick ;  outer  surface  light  brown,  longitudinally  wrin- 
kled, with  small  lenticels,  periderm  frequently  exfoliated ;  inner 
surface  light  brown,  longitudinally  striate;  fracture  tough,  fibrous, 
surface  light  brown,  tangentially  striate,  readily  separable  into 
fibrous  layers ;  odor  faint ;  taste  slightly  astringent  and  acrid. 
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baccus  and  R.  cunrifolius  (Kam.  Rosacex).  R.  znUostts  occurs 
in  dry  fields  from  Canada  to  \'irgiiiia  and  as  far  west  as  Kansas. 
R.  ni^^robaccus  or  commcm  blackberry  (I'ig.  232.  C,  D)  is  common 
in  wootls  in  the  Eastern  an<!  Central  I'nitetl  States  and  extensively 
cultivated.  R.  cuncifolius  is  the  sand  blackberry  and  is  found  in 
sandy  woofis  from  New  York  to  I'lorida  and  west  to  Missr)uri 
and  Ixiuisiana.  The  bark  should  be  collected  in  spring  or  autumn 
and  dried. 

Description. — In  flexible,  transversely  curvetl  or  sligflitly 
quilled  pieces  4  to  20  cm.  long,  3  to  5  nmi.  in  diameter,  bark  0.2 
to  2  mm.  thick ;  outer  surface  light  brown,  longitudinally  wrinkled. 
wiOi  few  root-scars,  peridenn  fre<jnently  cxfolialed;  inner  surface 
light  brown,  coarsely  striate  longitudinally;  fracture  short,  fibrous, 
surface  light  brown,  with  oblique  radiate  wedges  of  bast:  odor 
slight ;  taste  astringent. 

Constiti.:ents. — Tannin  10  to  20  per  cent. ;  gallic  acid  about 
0.4  per  cent.;  a  bitter,  crystalline  glucosidc  villosin  somewhat 
resembling  saponin,  about  0.8  per  cent.;  starch;  calcium  oxalate; 
ash  about  3  per  cent. 

Allieu  Plants. — Blackberries  fthe  fruits  of  R.  nigrobac- 
cus,  R.  nigrobaccus  sadvus  and  R.  z'iliasus).  Red  Raspderries 
(the  fruit  of  R.  Ida-tis,  a  plant  native  to  the  old  world),  Black 
Rasprerries  (the  fruit  of  7?.  occidentalU,  native  of  the  Northern 
United  States)  and  Strawberkies  (the  fruits  of  cultivated  varie- 
ties of  Fragaria  chilwnsis.  F.  x^esca  and  F.  virginiana)  all  contain 
about  2  per  cent,  of  malic  and  citric  acids,  4  per  cent  of  levulose, 
about  4  per  cent,  of  pectin  substances  and  a  small  amount  of 
volatile  oil  to  which  their  distinctive  flavors  are  due.  Blackberries 
contain  in  addition  considerable  tannin  and  the  wine  made  there- 
from is  valuefl  in  addition  for  its  astringencv. 

EUONYMUS.— WAUOO  BARK.— The  dried  bark  of  the 
root  of  Euonyfnus  atropurpureus  (Fam.  Celastraceae),  a  shrub 
(p.  323)  indigenous  to  the  Central  and  Eastern  United  States  and 
Labrador. 

Description. — Usually  in  transversely  curved  pieces,  occa- 
sionally in  single  quills.  3  to  7  cm.  long.  0.5  to  1.5  cm.  in  diam- 
eter, bark  0.5  to  i  mm.  thick ;  very  light ;  outer  surface  light  brown, 
somewhat  wrinkled,  with  scaly  patches  of  soft  cork,  few  lenticels. 
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root-scars  and  adhering  roots,  wltich  frequently  perforate  the 
bark;  inner  surface  Hght  brown,  lon$;^itudinal1y  striate,  somewhat 
porous,  occasionally  with  small  pieces  of  yellow  wood  adliering; 
fracture  short,  with  silky,  projecting,  modified  bast  fibers,  cork 
light  brown,  inner  and  middle  bark  somewhat  langcntially  striate 
and  with  irregular,  dark  brown  bast  areas ;  odor  faint ;  taste  bitter ; 
acrid. 

The  stem  bark  occurs  in  ver>*  long,  fibrous  strips  with  a  gray- 
ish-black cork  and  should  be  rejected. 

Constituents. — Euonyniin,  a  crystalline  bitter  glucoside  2,16 
per  cent.,  which  resembles  digitalin  in  its  physiological  action; 
volatile  oil  about  1.3  per  cent. ;  a  yellow  and  brown  rosin ;  dulcitol 
(isomeric  with  mannitol) ;  euonic.  malic,  citric  and  tartaric  acids; 
starch;  and  calcium  oxalate. 

Allied  Plan  ns.— t".  curopaus  and  other  species  of  Euonymus 
are  also  used  in  medicine,  and  probably  contain  the  same  con- 
stituents. 

VIBL^RNl^M  OPl'UUS.— CRAMP  HARK.— The  dried  bark 
of  the  stem  and  branches  of  I'iburmtm  Of*ulus  f  Fam.  Caprifoli- 
acexj,  a  shrub  with  nearly  erect  branches  indigenous  to  the 
Northern  United  States  and  Soulheni  Canada,  and  also  found 
growing  in  Europe  and  Asia  (p.  382J. 

Description. — In  transversely  curved  pieces.  6  to  20  cm. 
long.  I  to  2  cm.  in  diameter.  0.5  to  1.5  mm,  thick;  outer  surface 
light  brown  or  brownish-black,  longitudinally  wrinkled,  periderm 
sometimes  exfoliated,  revealing  a  nearly  smooth  reddish-brown 
surface,  with  mimerous  grayish  patches  of  foliaceous  lichens,  and 
small  brnwnish-hlack  apolhecia  and  large  brownish  lenlicels;  inner 
surface  light  or  reddish-brown,  finely  striate  longitudinally,  frac- 
ture uneven,  fibrous,  surface  light  or  reddish -brown,  with  groups 
of  stone  cells  and  bast  fibers;  odor  slight ;  taste  astringent,  bitter. 

CossTiTl'ENTS, — The  constituents  resemble  those  of  Ki6«r- 
nutn  pruiiifolimn. 

XAXTIIOXYLUM.— PRICKLY  ASH  BARK.— The  dried 
bark  of  Xanthoxylum  amcricaHum  and  Fagara  (Xatithoxyium) 
Clax'a-Hcrcufis  (Fam.  Kutaceael.  A',  anicrtcanum  is  a  shrub  or 
small  tree  (p.  304)  indigenous  from  Quebec  to  Virginia  and  west 
to  South  Dakota,  Nebraska  and  Kansas,  and  yields   Northern 
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Prickly  Ash.  P.  Clava-Hcrculis  is  a  shrub  (p.  305)  found  south 
from  Virginia  to  Texas,  and  furnishes  tiie  Southern  Prickly  Ash. 
The  latter,  however,  appears  to  be  less  valuable  medicinally. 

XoRTiiiLRN  Pkicklv  Asii. — In  transversely  curved  pieces, 
occasionally  in  single  quills,  2  to  17  cm.  long,  i  to  2  cm.  in  diam- 
eter, 0.5  to  3  cm.  thick;  outer  surface  Hgrht  brown  to  browni.'ih- 
black,  with  grayish  patches  of  foliaceous  lichens,  numerous  small 
black  apothecia  and  whitish   lenticcls;   fracture  short,  uneven; 


Pic.  iii.    Barit  <A  soutbem  pnclcly  uh  showing  cork-wingi. 

inner  surface  light  brown,  finely  striate  longitudinally,  with 
numerous  acicular  crystals,  phcllodemi  layer  dark  green,  inner 
bark  with  groups  of  converging  medullary  rays;  odor  slight; 
taste  bitter,  acrirj  an<l  pungent. 

S*h:tiiekn  Pricki.v  Ash. — Transversely  curved  or  irregularly 
oblong  flattened  pieces,  occasionally  in  single  quills  5  to  30  cm. 
long,  I  to  7  cm.  in  diameter,  i  to  4  mm.  thick;  outer  surface  with 
numerous  conical  cork-wings  or  their  scars  (Fig.  233);  inner 
surface  free  from  acicular  crvstals. 
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Constituents. — Two  resins,  one  acrid,  the  other  crystalline 
and  bitter ;  an  acrid  volatile  oil ;  a  bitter,  alkaloidal  principle,  some- 
what resembling  bcrberine ;  a  crystalline  phenol  compound  xan- 
thoxylin;  ash  about  12  per  cent. 

Allied  Plants. — The  fruits  of  both  A',  amcrkanuin  and 
J-'agara  Claia-NcrcuUs  are  found  in  commerce  and  known  as 
Prickly  Ash  berries.  They  consist  of  2  to  3  follicles,  each  of  which 
is  5  to  6  mm.  lon^.  brownish -green,  dehiscent  along  the  venlra! 
suture  and  contains  one  or  two  sub-globular,  somewhat  tlattened, 
black,  glossy  seeds;  odor  is  aromatic;  taste  pungent  and  bitter. 
Xanthoxylum  fruits  contaJn  a  volatile  oil  and  resin. 

CJKANATLM.— i'OMEGRAXATK  HARK.— The  dried 
bark  of  the  root  and  stem  of  Punica  Granatum  (Fam.  Punicacese), 
a  shrub  (p.  345)  indigenous  to  Northwestern  India,  and  culti- 
vated in  the  sub-tropical  regions  of  the  Old  World.  The  bark  of 
the  root  is  preferred  to  that  of  the  stem  and  by  some  the  drug 
obtained  from  wild  plants  is  also  preferred.  The  bark  deterior- 
ates with  age  and  should  not  be  used  after  it  is  a  year  or  two  old. 

Stem  Bark. — Usually  in  transversely  curved  pieces,  occa- 
sionally in  single  quills,  2  to  8  cm.  long,  5  to  20  mm.  in  diam- 
eter, bark  0.5  to  2  mm.  thick;  outer  surface  yellowish-brown,  with 
gra>ish  patches  of  fotiaccous  lichens,  brownish-black  apothecta 
and  small  lenticels,  longitudinally  wrinkled ;  inner  surface  light 
yellow  or  yellowish-brown,  finely  striate,  smooth;  fracture  short, 
smooth,  phellodemi  layer  dark  green,  inner  bark  light  brown, 
somewhat  checkered  :  odor  slight ;  taste  astringent. 

Root  Bark. — Dark  brown,  with  slight  longitudinal  patches 
and  scales  of  cork,  green  phellodemi  layer  wanting,  medullary 
rays  extending  nearly  to  the  outer  surface. 

Innrr  Structure. — Sec  Fig.  234. 

Constituents. — Four  alkaloids  to  the  extent  of  i  to  3  per 
cent,  in  the  root  bark,  hut  only  abnut  half  as  much  in  tlic  stem 
bark.  Tlie  most  important  of  these  alkaloids  is  pellcticrine.  the 
tannate  of  which  is  official.  Pellktif.rixe  (punicine)  is  a  color- 
less, volatile  liquid  alkaloid,  which  readily  absorbs  oxygen  and 
becomes  dark  on  exposure  to  air.  Its  sulphate  is  I:evorotatory, 
IsoPELLETiERiNE  (isomeric  with  pelletierine)  is  optically  inactive 
and  forms  an  amorphous  sulphate.    Methylpelletierine  some- 
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what  resembles  pclleticrine,  but  its  hydrochloride  is  dextro- 
rotatory. I'sEriKii'EU.ETiEKiNK  (nieihylg^ratiatoninc j  occurs  in 
prisms,  is  optically  inactive,  and  resembles  in  its  reactions  and 
decomposition  products  tropinone.  The  latter  is  formed  from 
tropine,  a  compound  which  results  on  the  decomposition  of  most 
of  the  solanaceous  alkaloids.  Granatuni  also  contains  20  to  22 
per  cent,  of  a  mixture  of  tannins,  one  of  which  yields  gallic  acid 
and  the  other  ellagic  acid.  A  yellow  coloring  principle,  a^nsid- 
erable  starch  and  calcium  oxalate  are  also  present  in  the  drug. 

Au-iED  Drugs. — The  rind  of  the  fruit  of  Punica  Granatum, 
known  as  pomegranate  rind,  occurs  in  irregularly  cur\'ed  yellow- 
ish-bruwn  fragmunls  about  2  mm.  thick.  It  contains  23.8  to  25 
per  cent,  of  a  lamiin  which  is  colored  bluish-black  with  ferric  salts. 

MEZEREUM.— MEZEREO.V  BARK.— The  dried  bark  of 
Daphne  Mczcrcum,  and  of  other  six-cies  of  Daphne  (Fam.  Th\-me- 
laceac).  shrubs  indigenous  to  Europe  and  Asia,  and  naturalized  in 
Kew  England  and  Canada  (p.  343).  The  bark  is  collected  in 
early  spring;  it  is  dried  and  frequently  made  up  into  small  bun- 
dles, the  commercial  supplies  being  obtained  from  Thuringia, 
Southern  France  and  Algeria. 

Desckii'tion". — In  Hexiblc  double  quills  or  somewhat  dattened 
strips  10  to  90  cm.  long.  3  to  20  mm.  in  diameter,  bark  about  0,3 
mm.  thick;  outer  surface  light  or  dark  brown,  smooth,  obliquely 
striate  or  wrinkled,  with  numerous  Icniicels.  occasional  brownish- 
black  apotliecia.  and  sometimes  with  buds  or  bud-scars;  inner 
surface  yellowish-green,  somewhat  lustrous,  finely  striate;  frac- 
ture tough,  fibrous,  the  dark-brown  periderm  readily  separable 
from  the  yellowish-grecn  cortex,  inner  bark  yellowish-green, 
lamellated;  odor  slight ;  taste  very  acri<I. 

CoNSTiTL'E.VTS, — An  acrltl  resin  known  as  mezerein ;  a  erys- 
talHne, bitter glucoside  daphnin  (isomeric  with  jesculin)  occurring 
in  greatest  amount  in  the  stem  bark  during  the  flowering  and 
fruiting  season ;  volatile  and  lixcd  oils ;  malic  acid ;  several  sugars ; 
and  starch. 

Allied  Drcgs. — The  berrydike  fruits  of  Daphne  Mesercum 
and  D.  Gnidium  are  sub-globular,  dark  brown  or  brownish-black, 
about  5  mm.  in  diameter,  with  a  black,  glossy  seed  and  acrid 
pungent  taste.    The  fruits  contain  0.38  per  cent,  of  coccogonin,  a 
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principle  which  on  sublimation  gives  off  an  odor  of  coumarin: 
0.22  per  cent,  of  an  acrid  resin;  and  31  per  cent,  of  a  fixed  oil 
which  absorbs  oxygen  on  exposure  to  air  and  is  in  the  nature  of 
a  flrying  oil. 

The  barks  of  a  number  of  other  plants  of  this  family  are  used 
like  that  of  Mczereuin.  as  Dapkfwpsis  Scfnvartcii  of  the  West 
Indies,  Lusiosiphon  t'rioccphalus  of  India  and  Ceylon,  and  various 
species  of  Slellera,  Struthiola  and  Tliymelfea. 

PRUXUS  VIRGIN!  ANA.— WILD  BLACK  CHERRY 
BARK. — The  bark  of  the  stem  and  branches  of  Pntuits  scrotina 
Ehrhart  (Syn.  Prunus  virginiana  Miller)  (Fam.  Rosacea;),  a 
tree  (Fig.  235)  indigenous  tu  the  Eastern  and  Centra!  United 
States  and  Canada.  The  bark  is  collccled  in  autumn,  and  should 
be  carefully  dried  and  preserved  in  air-tight  containers  (p.  287). 

Description. — Usually  hi  transversely  curved  pieces  2.5  to  8 
cm.  long,  I  to  5  cm.  in  diameter,  0.5  to  4  mm.  tliick;  outer  surface 
light  brown  or  greeiiish-brown.  somewhat  glabrous,  with  numer- 
ous Icnticels  3  to  4  mm.  long;  inner  surface  light  brown,  longitud- 
inally striate  and  occasionally  fissured ;  fracture  short,  granular ; 
cork  dark  brown,  thin,  easily  separable  from  the  green  phello- 
derm,  inner  hark  porous  and  granular;  o<lor  of  the  drug  distinct, 
and  on  the  ad<lition  of  water  developing  an  odor  of  benzaldehyde 
and  hydrocyanic  acid;  taste  astringent,  aromatic. 

The  bark  of  the  trunk  is  dark  brown  and  rough  externally. 

CoNSTiTiTENTS. — A  glucosidc  analogous  to  amygdalin  or  lau- 
rocerasin ;  a  ferment  which  resembles  emulsin ;  these  two  princi- 
ples yielding  by  interaction  hydrocyanic  acid  and  benzaldehyde; 
also  a  glucoside  which  is  crystalline,  bitter  and  fluorescent ;  tannin 
2-5  to  4.5  per  cent.;  gallic  acid;  starch  and  calcium  oxalate. 
Amygdalin  occurs  chiefly  in  the  inner  bark  and  varies  in  amount 
from  3.16  to  4.12  per  cent,  in'the  bark  which  yields  from  0.23  to 
0.33  per  cent,  of  hydrocyanic  acid.  The  root  bark  contains  more 
amygdalin  than  either  the  bark  of  young  twigs  or  the  tnmk. 
The  latter  may  contain  but  0.5  per  cent,  of  amygdalin  and  yield 
as  little  as  0.03  (wr  cent,  of  hydrocyanic  acid.  The  amount  of 
amygdalin  present  varies  even  in  the  bark  of  the  same  thickness 
from  the  same  tree.  When  the  exposure  is  such  that  the  chloro- 
plastids  are  abundant  in  the  cells  of  the  hark,  then  the  per  cent. 
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Adulterants. — It  is  likely  that  the  barks  of  other  si>ecies  of 
Prunus  are  now  entering  the  market.  They  are  more  astringent 
and  less  aromatic. 

Ali,ii£d  Plants. — The  leaves  of  the  Cjimrrv  lalui-.l  {Prmttis 
Lauro-Ccrasus)  are  used  in  the  fresh  condition.  They  are  oblong 
or  oblonjj-lanceolale,  about  15  cm.  lonjj.  sliarply  serrate,  cori- 
aceous, with  an  almund-hke  (xlor  on  being  bruised  and  an  aro- 
matic, bitter  taste.  They  contain  about  1.3  per  cent,  of  a  gluco- 
side  laurocerasin,  which  is  associated  with  amygdalic  acid;  a 
ferment  cniulsin.  which  acts  on  the  laurocerasin.  causing  it  to  be 
more  slowly  decomposed  than  anngdalin  and  yielding  but  half  as 
much  hvtlrocyanic  acid  (about  0.12  per  cent.)  and  benzaldcbyde 
(alwut  0.5  per  cent  J.  The  leaves  also  contain  a  crystalline  prin- 
ciple phyllic  acid,  which  is  insoluble  in  water,  soluble  in  alcohol 
and  occurs  in  the  leaves  of  ahnoiul,  peach  and  apple.  A  glucoside 
reseiubliiig  laurocerasin  is  founil  in  the  leaves  of  Sainbttcus  nigra. 

The  leaves  of  the  Peach  (Persica  ZKlgaris),  which  is  exten- 
sively cultivated  for  its  fruit,  contain  about  3  per  cent,  of  amyg- 
dalin   (see  Almond). 

The  KKUiT  of  prunus  scrotina  consists  of  small,  black  drujjcs 
(Fig.  235),  which  when  ripe  arc  sweet,  slightly  acid  antl  astrin- 
gent. 'ITiey  are  used  in  making  a  wine  and  might  be  employed 
in  other  pre]>aralions  of  wild  cherry. 

SASSAFRAS.—SASSAFRAS'  BARK.— The  bark  of  the 
root  of  Sassafras  officinale  (Fani.  Lauraceae).  a  tree  (Fig.  73) 
indigenous  to  Eastern  North  America  (p.  277).  The  bark  is  col- 
lected in  the  early  spring,  or  autumn,  deprived  of  the  periderm, 
and  used  eilher  in  the  fresh  or  dried  condition. 

Description. — In  transversely  curbed  or  recurved,  irregular, 
oblong  pieces,  3  to  8  cm.  long,  to  to  30  mm.  in  diameter,  0,5  to  3 
nun.  tliick:  outer  surface  light  reddish-brown,  nearly  smooth, 
somewhat  porous;  inner  surface  distinctly  striate,  somewhat 
scaly  ;  fracture  short,  soft,  surface  slightly  porous  ;  odor  aromatic; 
taste  somewhat  mucilaginous,  astringent  and  aromatic. 

In  NEK  Stkuctchr. — See  Fig.  236. 

Con.stitl'Ents. — \'olatilc  oil  5  to  <)  \wr  cent. :  tannin  about  6 
per  cent.;  a  reddish-brown  altered  tannin  compound  (sassafrid) 
about  9  per  cent. ;  resin  and  starch. 
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Tlic  principal  constituent  of  the  volatile  oil  is  safrol.  The  oil 
from  the  leaves  differs  essentially  in  composition  from  that  of  the 
root  bark,  containing  liiialool  and  geraniol. 

Allied  Plants. — Other  plants  of  this  family  also  yield  a  vola- 
tile oil  containing  safrol,  as  Beilschmicdia  opf>ositifoiia  of  Queens- 
land and  New  South  Wales :  Mcspilodap/nit-  Sassafras  and  Nec- 
tandra  I'ltchury-mmor,  both  of  Brazil. 

QUILLAJA.— SOAP  BARK.— The  bark  of  Qmllaja  Sapon- 
aria  (Fam.  Rosacea;),  a  tree  (Imr".  149)  indigenous  to  Chile  and 
Pcni.  The  hark  is  removed  in  large  pieces,  tlcprived  of  the  peri- 
derm and  dried  (p.  ^90). 

Descrii'TIox. — In  flat  pieces  25  to  90  cm,  long.  10  to  15  cm. 
wide,  4  to  6  mm.  thick;  outer  surface  light  brown,  longitudinally 
striate,  with  numerous  crystals  of  calcitim  oxalate  and  occasional 
patches  of  the  dark-bro\m  pcriflerm ;  inner  surface  ycllowlsh- 
brown,  finely  wrinkled,  with  numerous  crystals  of  calcium  oxalate, 
and  occasional  circular  riepressions,  conical  projections  or  trans- 
verse cliannels;  fracture  uneven,  coarsely  fibrous,  surface  porous 
and  with  groups  of  white  sclcrenchyniatous  fibers;  odor  slight; 
taste  acrid. 

Inner  5tr[:cture. — See  Fig.  315. 

CoNSTiTfKNTA. — The  ilrug  Contains  two  amoq)hous  gluco- 
sides  amounting  to  about  9  per  cent.,  which  arc  closely  related  to 
saponin — one  soluble  in  alcohol  and  known  as  quillajic  acid,  and 
the  other  nearly  in-soluble  in  alcohol  and  known  as  (tuillajasap;^ 
toxin;  it  also  contains  starch  antl  about  10  per  cent,  of  calcium 
oxalate. 

Sl'ustitutes. — A  spuriou.s  Quillaja  is  Iwing  offered  at  the 
present  time.  The  Irark  yields  less  saponin,  is  more  brittle  than 
the  official  bark  and  is  covered  with  a  thin,  brownish  lavcr. 

QUERCUS.— WHITF.OAK  RARK.— The  bark  oi  Qucrcus 
alba  iFam.  Cupulifenc).  a  tree  indigenous  to  the  Eastern  and 
Central  United  States  and  Canada.  The  bark  is  collected  in  spring 
from  the  branches  and  trunks  of  trees  from  ten  to  twenty-five 
years  of  age.  and  deprived  of  the  periderm  and  dried  (  Fig.  135). 

Description. — In  flat,  irregular,  more  or  less  oblong  pieces 
5  to  30  cm.  long,  10  to  20  mm.  in  diameter.  2  to  4  mm.  thick :  outer 
surface  light  brown,  longitudinally  striate,  with  occasional  patches 
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principle  resembling  pyrocalechin ;  upon  fusion  with  potassium 
hydrate  a  phenol  similar  to  protocatechuic  add  is  formed ;  dilute 
solutions  are  colore<I  olive-brown  with  ferric  chloride  and  posjiess 
a  slight  fluorescence ;  alkalies  give  a  deep  red  color  to  the  solutions. 
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Fig.  »j8.  Southern  prickly  ash  [Fatara  (Xonthoryliim)  C"iatti-H#«»«Jw]r  A,  tnuisveree 
section  showing  cork  {'k).  stone  cells  im),  Rroui>sof  primary  b«st  fibers  (b).  odcium  oxAUte 
(c»).  mcdullarir  ray»  (m).  parenchyma  !p)  containinR  ai&rch,  oil-aecreticm  r«ervoirs  (o), 
ti«ve  l»).  c«inbiuin  (c);  U,  isolate  atom:  cell  •howins  porc«  and  lamelbei  C,  sroupof  fcMwt 
ftbeni  found  in  voung.  Ihin  bark  aiit)  aurmuTi'ImK  fiarmchyma  (p):  D,  longitudinal  leetSoa 
near  a  rroup  ol  bast  fibcn  thowinn  non-lijtnificd  bast  fiben  (b).  caldum  oxalate  (ca)  ia 
crystai  nbcn.  medullary  rayi  <m),  pumcbsmta  tp)  eontiining  starch. 


.\UAED  Plants. — Qitcrcus  rober,  indigenous  to  Europe,  is 
the  source  of  the  bark  used  in  England  and  Continental  Europe; 
the  bark  closely  resembles  that  of  Qucrcus  alba,  but  the  periderm 
is  not  removed ;  it  contains  from  lo  to  i6  per  cent  of  tannin, 
besides  jjallic  ami  ellagic  aci<I«;.  Quercus  vehtfina,  or  black  i»3k, 
yields  the  quercitron  bark,  which  resembles  that  of  Qucrcus  <siba 
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hut  is  retUUsli-brown.  ami  tinges  the  saliva  yellowish:  it  contains 
bcsiiies  tannin  a  yellow  gluc<>si<lal  principle  quercitrin.  whicli 
yields  quercctin,  a  yellow  coloring  principle. 

L'LMCS.— SL1"PPERY-ELM  HARK.^Thc  bark  of  i'lwus 
fulva  (Fam.  Ulmace^J,  a  tree  indigenous  to  tUe  Hastem  ami 
Central  United  States  and  Canada  (p,  254).  The  bark  is  col- 
lected in  spring  (Fig.  99.  C),  deprived  of  the  periderm  and  dried, 
the  commercial  article  coming  chictly  from  Michigan. 

Descrii'TIon. — In  flat  oblong  pieces  about  30  cm.  long,  10  to 
15  cm.  in  diameter.  3  to  4  mm.  thick;  outer  surface  light  brown, 
longitudinally  wrinkled  and  furrowed  and  with  occasional  dark- 
brown  patches  of  periderm ;  inner  surface  yellowish  or  light 
brown,  more  or  less  uniformly  wrinkled  longitudinally ;  fracture 
fibrous,  surface  light  brown,  porous  from  lai^e  mucilage  cells; 
odor  slight,  distinct ;  taste  mucilaginous. 

In  NEK  Sthlctlke. — See  Fig.  yg.  C. 

Co.vsTiTfENT.s. — The  principal  constituent  is  mucilage;  it  also 
contains  starch  and  calcium  oxalate. 

Ai.i.tKt)  I*[.AMTS, — Limits  camffcslris,  or  European  elnu  yields 
a  bark  which  is  dark  brown,  and  contains,  besides  mucilage,  a 
bitter  principle  and  tannin. 

Ql^\SSIA.— Ql'.ASSIA  WOOD.— The  wood  of  Picrasma 
excclsa  ( Fam.  Simarubaccse),  a  tree  indigenous  to  Jamaica  and 
other  islands  of  the  West  Indies  (p.  309).  The  trees  are  felled 
and  cut  into  billets.  The  latter  are  exported  and  afterward  man- 
ufactured into  "  quassia  cups,"  the  shavings  constituting  the  drug 
known  as  Jamaica  Quassia.  The  market  supply  of  this  drug  was 
at  one  time  almost  exclusively  obtained  from  Quassia  amara 
(Fam.  Simaruhaccaj).  a  small  tree  (Fig.  159)  indigenous  to 
Brazil  and  cultivated  in  Columbia,  Panama,  West  Indies  and 
other  tropical  countries  (p.  309).  The  wood  exported  from 
Surinam  is  known  as  Surinam  Ouassta ;  this  is  the  variety  usetl 
in  continental  Europe  and  is  now  also  official. 

Jamaica  Qi-assia. — Usually  in  raspings,  light  or  bright  yel- 
low, medullary  rays  two  lo  five  cells  wide  in  transverse  section 
(Fig.  239.  A),  the  cells  containing  tetragonal  prisms  or  crypto- 
crystalline  crystals  of  calcium  oxalate;  fracture  fibrous;  odor 
slight ;  taste  bitter. 
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Allied  Drugs. — The  barks  of  Picrasma  excclsa  and  Quassia 
amara  are  used  in  medicine  and  probably  contain  similar  principles 
to  ihc  wowl.  The  Surinam  bark  occurs  in  Ihinner,  light-colored 
pieces  and  is  sometimes  admixed  with  the  powdered  drug.  It  is 
dctcnniiicd  by  the  large  stone  cells.  The  wood  of  Picrtrna  quas- 
sioides  quite  closely  resembles  Jamaica  (Quassia  in  general  appear- 
ance, microscopical  structure  and  chemical  constituents.  Hitter 
principles  arc  also  found  in  other  species  of  IMcrasma  and  Quassia, 
and  in  the  following  genera:  Samadera.  Simaniha.  I3yttcria  and 
Aihntkus.  An  allied  bitter  principle  and  an  alkaloid  are  found  in 
C\SCAKA  Amakua  or  Honduras  P»ark.  which  is  derived  from 
Picrtcna  I'eilacii,  of  Southern  Urazil. 

SiMAKTBA  is  the  bark  of  Ihc  root  of  Simaruba  amara  and  S. 
ofUcinalis.  plants  growing  in  fiiiiana.  The  bark  conies  in  flat  or 
somewhat  curved  pieces  about  i  M.  long.  7  cm.  wide.  3  to  5  mm. 
thicic ;  the  oittcr  corky  surface  is  bluish-brown  or  dark  brown,  the 
periderm,  however,  being  frequently  removed,  when  it  is  grayish- 
or  yellowish-brown ;  the  fracture  is  tough-fibrous,  and  the  surface 
shows  the  presence  of  light  yellow  stone  cells.  The  taste  is  very 
bitter.  Simaruba  contains  a  bitter  principle  resembling  quassiin; 
a  resin :  a  volatile  oil  with  an  odor  of  benzoin ;  gallic  acid,  and 
calcium  oxalate  and  malate. 

H.EMATOXYU  )N'.— LOGWOOD.— The  heartwood  of 
Hamaloxylou  camf>cchianum  ( I-'am.  Leguminosae ) .  a  tree  indig- 
enous to  Central  America,  and  naturalized  in  the  West  Indies. 
Much  of  the  commercial  logwood  l)eing  used  for  dyeing  is  allowed 
to  ferment,  and  as  a  result  the  chips  become  dark  red  and  have  a 
greenish,  metallic  lustre,  but  it  is  the  unfermcnted  wood  that 
should  be  used  for  medicinal  purposes  (p.  295). 

DEscRit'Tinx. — Usually  in  small  chips,  externally  reddish- 
brown,  freshly  cut  surface  flark  ycllowish-rcd,  in  transverse  sec- 
lion  slightly  ratliate  and  with  numerous,  alternate,  yellowish  and 
reddish  concentric  rings,  meflullary  rays  four  cells  wide;  fracture 
hard,  fibrous ;  odor  slight :  taste  sweet,  astringent :  the  wood 
imparting  to  water  a  vi()let  or  wine  color. 

CoNSTiTtEXTS.^II;ematoxylin.  10  to  12  per  cent.,  which 
occurs  in  colorless  or  pale  yellow  needles  or  prisms,  tastes  like 
glycyrrhizin.  becomes  red  on  exposure  to  light  and  is  soluble  in 
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water  and  alcohol.  The  sohitions  are  colored  with  the  alkalies, 
purplish-red,  then  purple  and  finally  deep  red.  Tlie  compound 
formed  with  ammonia  yields  h-Tmaietn.  a  dark  violet,  crystalline 
principle  having  a  green,  metallic  lustre  and  which  is  supposed 
to  form  in  the  fermented  wood  used  by  dyers.  Logwood  also 
contains  volatile  oil,  resin,  tannin  and  calcium  oxalate. 

Allied  Plants. — The  woods  of  certain  species  of  C(esalf*inia 
also  contain  red  coloring  principles  ami  furnish  the  red  woods  of 
(rui>ical  America.  Brazil  wcku)  is  ol>tained  from  C.  echinata  and 
contains  the  principle  known  as  brasilin,  which  is  colorless  when 
first  extracted  but  assumes  a  red  color  on  exposure;  Sappam  or 
false  sandal  wood  is  obtained  frotn  C.  Sappam  of  Farlher  India. 
Red  coloring  principles  arc  also  found  in  other  species  of  Carsal- 
pinia  and  in  a  number  of  otlier  genera  of  the  Legutninos^  as  well. 

SANTALUM  RUBRUM.— RED  SAUNDERS.— The  heart- 
wood  of  PU'rocarptts  santalinus  (Fanu  Legmninosa!),  a  tree  (p. 
295)  indigenous  to  the  southern  part  of  Farther  India,  and  culti- 
vated in  the  Southern  Philippines,  Ceylon  and  Southern  India,  the 
chief  supplies  coming  from  Madras. 

DESCRrpTioN. — Usually  in  small  chips  or  coarse  powder,  red 
or  brownish-red.  in  transverse  section  sliglitly  radiate,  with  numer- 
ous alternate  lighter  and  darker  concentric  rings,  medullary  rays 
one  cell  wide ;  fracture  hard,  fibrous ;  inotlorous :  taste  slight. 

CoN.'iTiTL'ENTS. — A  coloring  y)rinciple  santalin  {santalic  acid), 
which  occurs  in  red  needles  that  are  insoluble  in  water,  soluble 
in  alcohol,  forming  a  deep  red  solution  which  is  colored  violet 
with  solutions  of  the  alkalies.  It  also  contains  tanniu  and  several 
colorless  cr}stalline  principles. 

Allied  Plasts. — The  African  sandal  wood  or  barwood  is 
obtained  from  P.  santalinoides  of  tropical  West  Africa.  Cam- 
wood or  African  red-wood  (obtained  from  Baphia  iiitida.  in 
Sierra  Leone)  is  also  valued  on  account  of  its  red  coloring 
principle. 

SASSAFRAS  MEDULLA.— SASSAFRAS  PITH.— The 
pith  of  young  stems  and  branches  of  Sassafras  offtcinah'  (Fam. 
Lauraccjc).  a  tree  (Fig.  73)  indigenous  to  Eastern  North  .\nierica 
(p.  277).  The  pith  is  collected  late  in  autumn,  after  frost,  and 
dried. 
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CARYOPH\'LLUS.— CLOVES.— The  flower-buds  of  /am- 
bosa  Caryophylhis  (Syn.  Eugenia  Caryophyllata  and  E.  aromat' 
tea)  ( Fam.  Myrlacca;).  an  evergrccn-lrtc  indigenous  to  the  Mo- 
lucca litlands,  where  it  is  also  cultivated,  as  well  as  in  Zanzibar, 
Ceylon  and  Java  (p.  346).  The  flowcr-bmls  are  collected,  dried  in 
the  sun  or  artificially,  the  color  changing'  from  a  crimson  to  a 
brownish.  The  chief  commercial  supplies  come  from  Amho)'na, 
Penang  and  Zanzibar,  the  former  two  varieties  being  preferred* 

Desckiition. — Alx^ut  15  mm.  long,  3  to  6  mm.  in  diameter, 
mare  or  less  cylintlrical,  dark  brown,  calyx  tijigynous  (Kig  83. 
B),  with  four  incurved  teeth  al>out  3  mm.  long,  surmounted  by  a 
light  brown  globular  jwrtion  consisting  of  four  [>etals  which  are 
imbricated,  punctate  and  alternate  with  the  calyx  teeth;  stamens 
numerous,  crowded  and  incurvwl,  style  one,  ovary  2-lQCular,  with 
numerous  o\'ule.*;;  odor  and  taste  strongly  aromatic. 

Cloves  should  not  contain  more  than  5  i>er  cent,  of  clove  stems 
or  yield  more  than  8  per  cent,  of  ash;  nor  yield  less  than  10  per 
cent,  of  volatile  ether  extract  or  12  per  cent,  of  gallotannic  acid. 

Inner  Stricturk. — .See  Kig.  312. 

Constituents. — The  chief  constituent  is  the  volatile  oil.  which 
occurs  to  the  extent  of  15  to  20  per  cent.,  and  consists  of  caryo- 
phyllcnc  an<l  cugcnol.  the  latter  constituting  50  to  85  per  cent,  of 
the  oil.  The  darkening  of  old  oil  of  cloves  is  supposed  lo  be  due 
to  furfurol.  an  aldehyde  formed  on  decomposition  of  some  of  the 
carbohydrates  and  albuminoids.  Cloves  also  cuntaiii  an  odorless, 
tasteless  principle  caryophyllin.  which  crystallizes  in  silky  needles 
and  yields  upon  the  addition  of  fuming  nitric  acid  crystals  of 
caryophyllinic  acid;  vanillin:  eugenin  (isomeric  witli  eugenol  or 
eugenic  acid),  which  resembles  caryophyllin  but  Irecomes  reddish 
with  nitric  acid;  gallotannic  acid  10  to  13  per  cent.;  calcium 
oxalate,  and  5  to  7  per  cent,  of  ash. 

Adulterants. — Clove  stalks  arc  less  aromatic  and  yield  from 
4  to  7  per  cent,  of  volatile  oil.  The  so-called  mother  of  cloves  is 
the  nearly  ripe  fruit  of  Jambosa  Caryof*hyllus  or  clove  tree,  which 
furnishes  cloves.  The  fruit  is  an  ovoid,  brownish  berry  about  25 
mm.  long:  it  is  less  aromatic  than  cloves  and  contains  large, 
branching  stone  cells,  or  short  bast  fibers,  and  numerous  pear- 
shaped  or  truncated  starch  grains  from  to  to  40  ft  in  diameter. 
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Description*. — Oblong  or  ellipsoidal,  2  to  4  mm.  long,  1  to 
1.5  mm.  in  diameter;  involucre  ovoid,  consisting  of  twelve  to 
eighteen  closely  imbricated,  ovate  or  ovate-lanceolate,  glandular, 
somewhat  shiny  bracts,  about  2  mm.  long,  with  a  yellowish-green 
or  greenish-brown  middle  portion  and  whitish  margin;  torus  flat, 
naked,  with  three  to  six  unexpanded.  jjerfect  tubular  flowers 
about  1.5  mm.  long  and  coin|jleiely  inclose<l  by  the  uppi-r  bracts; 
ovary  oblong ;  pappns  wanting ;  odor  distinct ;  taste  aromatic. 

Inneh  SrnucTi'Hii, — See  Fig.  240. 

Co.vsTiTUE.NTs. — A  Crystalline  neutral  principle,  santonin, 
which  occurs  to  the  extent  of  2  to  3.5  per  cent,  just  before  the 
expansion  of  the  flowers:  volatile  oil  about  2  per  cent.,  consisting 
chiefly  of  cineol.  some  icrpincol,  terpinene  ami  inactive  piuene; 
a  crystalline  principle  arteniisin.  which  is  apparently  oxysantonin; 
and  a  resin.  Santonin  crystallizes  in  rhombic  prisms,  becoming 
yellow  on  exposure  to  light ;  it  is  nearly  insoluble  in  water,  spar- 
ingly soluble  in  alcohol ;  and  colored  red  by  alcoholic  solutions 
of  the  alkalies. 

Almko  Plants. — Artemisia  gaUica,  a  plant  abundant  in 
France,  contains  santonin  and  about  i  per  cent,  of  a  volatile  oil, 

ARXrCA.— ARNICA  FLOWERS.— The  dried,  expanded 
flower-heads  of  Arnica  montaua  (Fam.  Compositae).  a  perennial 
herb  (p.  394)  indigenous  to  Central  Europe,  and  growing  in  the 
mountains  of  Switzerland.  .Vsia  and  Western  North  America. 
In  Germany,  on  account  of  the  involucre  and  torus  being  injured 
by  the  lar\'a;  of  the  insect  Trypcta  arnicivora,  these  parts  are 
removed  and  tlie  florets  alone  used. 

DESCHiPTiON.^Sub-globular  or  truncate-conical.  alx)ut  15 
mm.  in  diameter;  involucre  campanulatc.  bracts  twenty  to  twenty- 
four  in  two  rows,  linear-lanceolate,  dark  green,  pubescent,  gland- 
ular: torus  sniid,  slightly  convex,  deeply  pitted,  bristly  hairy;  ray 
or  ligulate  florets  ( Fig.  241.  B),  fourteen  to  twenty,  about  2  cm. 
long,  bright  yellow,  pistillate,  corolla  3-toothed,  7-  to  12-veincd, 
very  pubescent  and  glandular  below,  ovary  about  4  mm.  long, 
erect,  pubescent  and  glandular,  pappus  consisting  of  a  single  row 
of  about  thirty  rough  bristles:  disk  or  tubular  florets  (Fig.  241, 
C).  forty  or  fifty,  about  17  mm.  long,  perfect,  bright  yellow, 
corolla  5-toothed,  very  glandular  and  pubescent  below.  ovar\'  about 
6  mm.  long,  glandular  and  pubescent:  akene  spindle-shaped,  dark 
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including  New  York  and  Pennsylvania.  The  flower-heads  arc 
coIIecte<i,  when  they  are  mature  or  expanded,  from  wnld  plants. 

Di^cRimoN. — Rounded,  conical,  3  to  lo  mm.  broad  {Fig. 
242)',  peduncle  0.5  to  3.5  cm.  long-,  nearly  glabrous;  involucre 
hemispherical,  scales  twcntj'  lo  thirty,  imbricated,  oblanceolate,  the 
middle  portion  brownish,  margin  whitish,  pubescent;  toms 
ovoid,  becoming  conical  and  hollow,  deeply  pitted,  naked,  3  to  5 
mm.  high,  about  1.5  mm.  in  diameter;  ray  or  ligulale  florets 
(Fig.  242,  D).  twelve  to  eighteen,  pistillate,  about  12  mm.  long, 
corolla  white.  3-toothcd.  4-veincd ;  disk  or  tubular  flowers  ( Fig. 
242,  C).  numerous,  yellowish,  perfect,  oblong,  small,  somewhat 
glandular,  about  2.5  mm.  long;  akencs  somewhat  obovoid.  abotit 
0.5  mm.  long;  faintly  3-  to  5 -ribbed ;  pappus  none,  or  forming  a 
membranous  crown ;  odor  distinct ;  taste  aromatic  and  bitter. 

Djsstituents. — ^'^olatile  oil.  about  0.25  per  cent.,  of  a  viscid 
consistency  and  an  intense  blue  color.  The  color  is  due  to  azulenc, 
a  principle  similar  to  that  found  in  the  volatile  oils  derived  from 
Absinthium,  Achillea  (j-arrow).  Sumbul  and  Valerian.  The 
flowers  are  aI.*o  said  to  contain  a  bitter  principle  antlicmic  acid, 
which  forms  colorless,  silky  needles  soluble  in  water  and  alcohol, 
and  anthemidin.  which  separates  from  the  alcoholic  solution  in  the 
fonn  of  a  tasteless  crystalline  compound.  Malic  acid  and  tannin 
are  also  present  in  tbe  drug. 

Adl'LTERants. — Matricaria  is  not  infrequently  a<luUerated 
witli  the  flower-heads  of  other  Comixisitx.  as  Anthemis  anensts. 
In  these,  the  peduncle  is  pubescent :  the  receptacle  solid  and 
conical:  involucral  scales  lanceolate;  cliaff-scales  lanceolate  or 
lanceolate-acuminate,  about  4  mtu.  long.  In  Anthemis  Cotula 
the  i>eduncles  are  slightly  pubescent  and  the  Ugutate  flowers 
neutral. 

AXTHRMIS.— ROMAN  OR  ENGLISH  CHAMOMILK.— 
The  expanded  flower-heads  of  Anthemis  nobiUs  (Fani.  Compos- 
stse).  a  perennial  herb  indigenou.s  to  Southern  and  Western 
Europe  and  cullivatcd  in  Belgium,  England,  France,  Germany, 
Hunpar\'  and  the  I'nitcvl  States,  and  naturalized  from  Rhode 
Island  lo  Michigan  and  south  lo  Delaware  (p.  393).  Tlie  flowers 
are  collected  from  cultivated  plants,  and  dried  by  artificial  means, 
the  principal  supplies  coming  from  Relgium,  France  and  Sa.xony. 
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DESCRiPTroN. — Globular,  compressed,  1.5  to  2  cm.  in  diameter; 
ii>voIucre  hemispherical,  with  t\vo  or  three  rows  of  imbricated, 
nearly  equal,  somewhat  elliptical,  ven*  pubescent  scales,  having  a 
greenish  middle  portion  and  a  yellowish  margin;  torus  conical  or 
convex,  solid.  3  to  4  mm.  high,  occasionally  hollow,  and  some- 
times containing  the  larvjc  of  an  insect;  chaff-scales  resembling 
the  involucral  scales,  about  2  mm.  long;  ligulate  florets  numerous, 
6  to  10  mm.  long,  corolla  white,  3-toothed,  4-nerved,  ovary  about 
1  mm.  long,  glandular,  style  slender,  stigma  bi-clcft;  tubular 
florets  few  or  none,  lemon-yellow,  perfect;  akene  oblong,  pappus 
none;  odor  distinct;  taste  aromatic  and  bitter. 

Constituents. — Volatile  oil.  which  is  bluish-green  when 
fresh,  0.8  to  i  per  cent.;  a  bitter  crystalline  glucoside  anthemic 
acid  (see  Matricaria) :  5.25  per  cent,  of  resin;  1.50  per  cent,  of 
a  bitter  crystalline  wax ;  and  tannin.  The  volatile  oil  consists 
principally  of  the  Jsobutyl,  amy  I  ami  hexyl  csttrrs  of  butyric, 
angelic  and  tiglic  acids,  and  anthemol,  an  isomer  of  camphor. 

CALENDULA.— MARIGOLD.— The  ligulate  florets  of  Cat- 
cndula  officinalis  (Fam.  Compositae).  an  annual  herb  indigenous 
to  Southern  Europe  and  the  Levant,  and  widely  cultivated  as  a 
garden  plant.  The  flowers  arc  collected  when  fully  expanded, 
and  dried  (p.  394). 

Description. — Florets  usually  without  the  ovary;  corolla 
bright  yellow,  15  to  25  nun.  long,  i-  to  3-toothed,  4-  or  5-veined, 
margin  nearly  entire,  tube  sometimes  inclosing  the  remains  of  a 
filiform  style  and  bifid  stigma,  pubescent  on  the  outer  surface; 
ovary  oblong,  about  0.5  mm.  long,  pubescent;  odor  distinct;  taste 
faintly  saline,  slightly  bitter. 

CoNSTiTt'ENTS. — Volatile  oil;  an  amorphous  bitter  principle; 
a  gummy  substance,  calendulin.  which  forms  with  water  a  trans- 
parent mucilage  that  is  not  precipitated  by  tannin ;  and   resin. 

Allied  Pi^vnts. — ^The  florets  of  various  Composit.-e  arc  some- 
times admixed  with  or  substituted  for  Calendula,  of  which  the 
following  may  be  mentioned  together  with  their  principal  dis- 
tinguishing characteristics:  The  ligulate  corolla  of  Taraxacum 
oHiciualc  is  5-toothed ;  the  ligulate  corolla  of  Arnica  Montana  is 
7-  to  i2-veined ;  the  ligulate  corolla  of  Tussilat^o  Farfara  is  linear, 
about  13  mm.  long  and  alwut  0.3  mm.  broad,  apex  acute,  entire; 
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and  the  ray  florets  of  Toggles  f^atula  are  somewhat  spatulate, 
about  20  mm.  King-  and  10  mm.  wide,  sometimes  marked  with 
darker  stripes^  and  have  undulate  margins  ( Fi^-  182). 

CUSSO.— KOUSSO.  BRAYERA.— The  pistillate  flowers  of 
Hagenia    abyssinica    (Fam.    Rosacere),    a  tree    indigenous    to 
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Plo.  243.     CuSGo:    A.   looeitudinkl   wction    thrmigti   an   exruidetl   pittilUte  _ 

flhmrinit  bracti  (d).  outer  tKxin  of  KpaU  (c),  inner  scrici  of  sep&li  (f).  petals  iy.).  pcrlftoth 
tube  ik),  atcrilr  KtametM  |l)}.  inslil  (i).  B,  mature  llower  vu-wnl  from  above  un<l  ^lun-inx 
the  rtrlatioit  of  teiwls  and  petals.  C.  (tower  Jun  before  the  maturiru;  of  the  fruit  slmwintf 
pericarp  Ipt.  bc<-<1  (k>.  l>.  mature  {MxtilUle  flower  a^  teen  from  above,  E,  piBtil  thuwing 
cylindrical  ovary,  ilender  atyle  with  hain  (li)  and  larsc,  ilighlly  lobed  iliipna. — After  Meyer. 

Northeastern  Africa,  and  cultivated  in  Abyssinia.  The  entire 
panicles  (Figs.  150,  243")  are  oillccled  after  fertilization  and 
dried  in  the  sun;  the  flowers  are  sometimes  stripped  from  the 
panicles,  or  the  panicles  are  ma<ie  into  rolls  (p.  290). 

Descrit^tion. — Tn  more  or  less  cylindrical  rolls  aliout  30  cm. 
long  and  about  5  cm.  in  diameter;  branches  cylindrical,  flattened, 
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about  3  mm.  in  diameter,  longitudinally  furrowed  or  wrinkled, 
intcrncxles  about  15  mm.  long,  externally  light  brown,  tomentose, 
glandular,  internally,  cork  yellowish-brown,  fibrovascular  bun- 
dles in  distinct  wedges,  bast  and  wood  fibers  yellow,  distinct, 
pilh  large,  yellowish-brown;  Rowers  (I'ig.  243)  subtended  by 
two  ovate,  reddish,  pubescent  and  glandular  bracts,  pedicel  short, 
calyx  turljinatc,  pulwscent  below,  consisting  of  two  alternate 
whorls  of  four  or  6vc  obovate  or  oblanccolate  sepals,  the  outer 
ones  10  to  12  mm.  long,  obtuse,  entire,  purplish  veined,  persistent 
and  becoming  much  elongated  in  the  fruit,  the  inner  about  3  to  4 
mm.  long,  becoming  shriveled  and  bent  over  the  young  fruit; 
carpels  two,  ovary  about  1  mm.  long,  the  upper  portion  very 
pubescent,  styles  exserled,  about  as  long  as  the  ovary,  stigma 
large,  compressed,  with  prominent  papillx;  fruit  an  ovoid  akcne, 
about  2  mm.  in  diameter,  inclosed  by  the  remains  of  the  calxTc; 
odor  slight ;  taste  bitter  and  acrid. 

CoNSTiTi-'ENTS. — ^The  active  principle  appears  to  be  an  amor- 
phous substance  cosoloxin ;  several  other  principles  have  been 
isolated,  but  their  real  nature  and  properties  have  not  been  fully 
determined ;  the  drug  also  contains  about  3  per  cent,  of  an  inac- 
tive crystalline  principle  cosin  (koiissein  or  braycrinV  which  is 
bitter  and  acrid,  aiitl  sparingly  soluble  in  water  but  soluble  in 
alcohol ;  a  crystalline  principle  which  on  hydrolysis  yields  iso- 
butyrtc  arid;  aliout  6  |wr  cent.  <if  a  resimms  principle;  volatile 
oil;  tannin  about  24  per  cent.,  and  alwjut  5  per  cent,  of  ash. 

AnLM.TF.RANTS. — Sometimes  the  flowers  are  stripped  from  the 
panicles  and  sold  as  such,  when  the  drug  is  known  as  "  loose 
cusso."  In  this  condition  they  are  likely  to  be  admixed  with 
the  staminate  flowers,  which,  with  their  numerous  stamens,  are 
readily  distingutsliable  and  inferior  in  quality. 

ROSA  GALLICA.— RKO  ROSE.— Tlie  petals  of  Rosa  gal- 
Oca  (Fam.  Rosaccse"),  a  shrub  (p.  289)  indigenous  to  Southern 
Europe  and  probably  Western  Asia,  and  extensively  cultivated 
in  all  parts  of  the  world.  The  petals  are  obtained  from  culti- 
vatctl  plants  before  the  expansion  of  the  flower,  the  lower  clawed 
portion  usually  being  removed;  they  arc  used  fresh  or  are 
carefully  dric<l  and  preserved.  The  chief  supply  of  the  drug  is 
from  the  south  of  France. 


55S 


BOTANY  AND  PHARMACOGNOSY. 


Desckm'tkin. — Imbricated,  numerous,  usually  in  small  cones; 
petals  broadlv  ovate,  the  upper  part  rosc-colorcd  and  retusc,  the 
lower  part  broivnish-red,  more  or  less  rouiidctl,  acute  or  trun- 
cate, with  numerous  paplllx  and  fine  longitudinal  veins;  texture 
velvety;  odor  agreeable;  taste  astringent  and  slightly  bitter. 

Constituents. — Volatile  oil  in  small  amount;  a  yellow,  crys- 
talline glucoside  qucrcitrin.  which  yields,  on  decomposition,  quer- 
cetin;  tannin  and  gallic  acid.  The  coloring  principle  is  soluble 
in  water  and  alcohol  and  gives  a  deep  yellowisli-red  c<j!or  with 
acids;  a  green  color  changing  to  brown  with  alkalies;  purple  or 
violet  with  potassium  alum  or  iodine  solutions;  and  a  deep  blue 
with  ferrous  or  ferric  salts. 

Allied  PL/\nts. — Tlie  petals  of  Rosa  ccntifolia  are  collected 
after  the  expansion  of  the  flowers  and  dried ;  lliey  are  brownish 
and  not  so  fragrant  as  those  of  Rosa  tallica.  Tlie  flowers  of 
cullivatc<l  plants  of  Rosa  damasccna  yield  the  commercial  volatile 
oil  of  rose  (p.  289). 

ZEA.— CORN  SILK.— The  fresh  styles  and  stigmas  of  Zea 
Mays  (Fani-  Gramine;e),  an  annual  plant  indigenous  to  tropical 
America  anil  known  oidy  in  cultivation,  being  cultivated  widely 
in  nearly  all  tropical,  sub-tropical  and  temperate  regions  (p.  228). 

DiLscRiPTioN. — In  matted  masses  consisting  of  several  hun- 
drefl  or  more  slender,  very  delicate,  thread-like,  purpHsh-red  to 
greenish -white,  more  or  less  translucent  styles:  10  to  20  cm. 
long;  stigmas  bifid,  slender,  2  to  3  mm.  long;  slightly  odorous; 
taste  in.sipid. 

When  viewed  under  the  microscope  the  upper  part  of  the 
styles  ami  the  stigmas  are  seen  to  have  numerous  mnlticellular, 
non-glandular  hairs  from  0.2  to  0.5  mm,  long,  among  which  are 
numerous  spinose  pollen  grains  10  to  15  ^  in  diameter. 

Constituents. — Not  much  is  known  concerning  the  constit- 
uents of  this  drug,  and  the  analyses  have  been  chiefly  of  the  dried 
commercial  article.  The  fresh  drug  contains  about  83  per  cent, 
of  water.  The  dried  drug  contains  a  volatile  alkaloid ;  two  resins 
about  5.5  per  cent.;  a  crystalline  principle,  maizonic  acid,  about 
1.25  per  cent. :  fixed  oil,  5.25  per  cent ;  sugar;  ash,  about  I3  per 
cent.  The  coloring  principle  of  tlie  fresh  dnig  is  soluble  in  water 
and  alcohol  and  is  changed  to  yellowish-red  with  acids,  green 
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with  alkalies,  purple  with  potassium  alum,  and  olive-green  chang- 
ing to  greenish -brown  with  ferric  chloride. 

V.      FRUITS. 

The  fruits  of  a  large  number  of  plants  are  used  in  medicine; 
these  vary  greatly,  not  only  in  their  medicinal  properties,  but  also 
in  their  botanical  origin.  The  active  principles  of  fruits  vary 
according  to  their  stage  of  development,  so  that  fruits  which 
contain  relatively  large  amounts  of  poisonous  .principles  when 
green  or  immature,  may  be  quite  free  therefrom  and  even  edible 
when  they  are  ripe.  It  is  for  this  reason  that  by  far  the  larger 
numlwr  of  medicinal  fruits  are  collected  in  the  fully  developed 
bnt  unripe  condition.     (See  Classification  of  Fruits,  p.  151.) 


KEY  FOR  THE  STUDY  OF  FRUITS. 

I.  Entire  Fruits. 

I.  Not  more  than  10  mni.  long  (exclusive  of  the  stalk). 

A.  Cremocart'i. 
a.  Hairy. 

Slender  pedicel,  4  to  10  mm.  long Anisum 

h.  Nearly  smooili. 

a  Mericarps  more  or  less  united 

Nearly    globular Coriandrum 

Oblong,  pedicel,  3  to  10  mm.  long Fccniculum 

fi  Mericarps  usually  ^tpparate. 

Dark  brown,  odor  and  laste  aromatic Canim 

Grayish -gT«en,  odor  peculiar Conium 

B.  Dry  drupts. 

a.  Hairy- 
Pericarp  reddish Rhus  Glat>ra 

b.  Not  hairy, 
o  Coarsely  reticulate. 

Slender  pedicels,  5  to  7  mm.  long Cubeba 

Stalk    wanting Piper 

$  Not  reticulate. 

Inferior    drupe Pimcnta 

C.  Caryopsis  or  Grain » Barley 


^560 


BOTANY  AND  PHARMACOGNOSY. 


I.  Entire  Fruits— Contimu-ti. 

2.  Between  10  and  50  mm.  long. 

A.  Drupes. 

Ki>icari>  thin  and  wrinkled;  sarcocarp  swcel Pninum 

F.picar|)  coriaceous,  nearly  sinootli;  sarcocarp  acrid... Sabal 

B.  Not  drupes. 

Berry    Capsicum 

Capsule    Cardamomuni 

Strobile Humntns 

3.  More  than  50  mm.  long. 

Berry Colocynthis 

Indchiscent  legume Cassia  Fistula 

Pod    Vanilla 

Syconium Ficiu 

II.  Parts  of  Fruita. 

1.  Outer  rind. 

A    Fresh. 

From  sweet  oranges .Auranlti  Dulcis  Cortex 

From  temonft Limonis  Cortex 

B.  Dried. 

In  quarters  or  in  ribbon-like  bands. .  Aurantii  Amari  Cortex 

2.  Pulp. 

Blackish-brown  masses  or  cakes Tamarindus 

3.  Glandular  Hairs. 

A  glandular  powder Lupulinum 


ANTSUM.— ANISE.— The  dried,  ripe  fruit  of  PimpmcUa 
Anisum  (Fam.  UmbclHfcra;),  an  annual  herb  (p.  352).  indig- 
enous to  Asia  Minor,  Egypt  and  Greece,  and  euUivated  in  South 
America.  Gertnany,  Spain,  Italy  and  Southern  Russia.  Tlie  drug 
is  derived  frotn  cultivated  plants,  and  that  obtained  from  Spain, 
and  known  as  "  Alicante  .\nise,"  is  preferred. 

Description. — Mericarps  usually  coherent  and  attached  to  a 
slender  [ledicel  4  to  10  mm.  lonp;  cremocarji  ovoid,  laterally  com- 
pressed, 4  to  5  nun.  long,  about  2  mm.  in  diameter,  externally 
greenish-brown  or  grayish-green,  with  ten  yellowish,  filiform,  pri- 
man-  rihs.  finely  pubescent,  aiwx  with  a  ring-like  disk  and  two 
projecting  divergent  styles  about  0.5  mm.  long;  internally  yel- 


5^2 


BOTANY  AND  PHARMACOGNOSY. 


lowisli-brown,  wilh  a  slender  carpophore  attached  to  each  meri- 
carp,  tlie  latter  in  section  irregularly  plano-convex,  slightly  con- 
cave on  the  commissural  side  and  usually  with  two  large  viltae  on 
each  face,  dorsal  surface  with  30  to  40  vittae;  seed  somewhat  reni- 
form  in  section,  closely  cohering  to  the  pericarp,  with  a  small 
embryo  at  the  upper  end  of  the  reserve  layer;  odor  and  taste 
pleasantly  aromatic. 

Inner  Structure. — See  Fig,  244. 

Constituents. — \'olalile  oil  (1  to  3  per  cent.)  consisting  of 
alxfiit  80  til  90  per  ceiil.  of  anethol  ( p-proi»cnylanisol),  and 
methyl-chavic-ol  ami  terix-nes;  fixed  oil  3  to  4  \kt  cent.;  calcium 
oxalate ;  ash  ainut  7  i>er  cent. 

Russian  aniseed  is  used  chiefly  for  ilir  manufacture  of  the 
volatile  oil. 

AixiED  DHUGS-^Illicium  or  star-anise  (p.  274)  >'ields  an  oil 
closely  resembling  that  of  anise.  It  contains  So  (o  tjo  per  cent. 
of  anethol.  d-pinene.  d-pliellandrenc.  ethyl  ether  of  liydroqui- 
none  and  possibly  safrol  (Fig.  144). 

PiMi'KRNEi.  (or  Pimpinella)  the  root  of  Pint{>mcHa  Saxi- 
fra^ii  and  P.  magua,  is  use<I  like  anise.  It  occurs  in  fusiform 
pieces  about  8  to  10  cm.  long,  4  to  10  mm.  in  diameter,  externally 
yellowish-brown,  fracture  short,  internally  whitish,  with  numerous 
yellowish  resin  canals :  the  taste  is  acn<l,  pungent  and  aromatic. 
The  drug  contains  a  volatile  oil.  an  acrid  resin,  a  tasteless  crys- 
talline principle  pimpinellin,  alwiU  8  per  cent,  of  sugar,  starch 
and  tannin. 

AouLTEfiANTS. — Italian  aniseed  is  sometimes  contaminated  with 
conium.  and  the  friuts  of  some  of  the  grasses  and  nishes  as  w^ell. 

CORIAXDRL'.M.— CORLWDER.— The  dried,  ripe  fruit  of 
Coriaitdrum  sativum  (Fam.  L'nibclliferse),  an  annual  herb  (p. 
352).  imiigenous  to  the  Me<liierrancan  and  Caucasian  region, 
naturalized  in  the  temperate  parts  of  Europe,  and  cultivated  there 
and  in  Africa  and  India.  The  fruit  is  collected  when  full  grown 
from  cultivated  plants,  from  which  it  is  seiwratefl  by  thrasliing, 
and  dried.  The  fruits  from  plants  grown  in  Russia  and  Tliuringia 
are  preferred.  The  young  plants,  particularly  the  leaves,  as  well 
as  imniarurc  fniits,  emit  a  disagreeable  odor,  whence  the  name 
Coriandrum. 
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Desckiption. — Mericarps  usualJy  coherent;  cremocarp  (Fig. 
245)  nearly  globular,  4  to  5  mm.  in  diameter,  externally  light 
brown  or  rosc-c»lored,  with  ten  prominent,  straight,  lungitudinal 
primary  ribs,  between  which  are  faint,  somewhat  undulate  sec- 
ondary ribs,  apex  witli  5  calyx  teeth  and  a  conical  stylopodium 
about  0.5  mm.  lonp.  internally  with  a  slender  carpophore  attached 
to  each  mericarp,  the  latter  grayish-purple,  concavo-convex,  with 
two  vittffi  on  the  commissural  surface ;  seed  plano-convex,  with  a 
small  embryo  at  the  upper  end  of  the  reserve  layer;  odor  and 
taste  aromatic. 


Pio.  J4S.  Cotionder:  A.  cremocuv  »ltowiiut  ranMns  of  two  stlxmu  («).  stylopodls 
(thickened  pcniitcnt  styin)  <b).  calyx  tceih  (c).  ttnujibt  )>nni«ry  ribs  (d)  snrl  wavy.  K>m»- 
whAl  obscure,  scconilary  ribs  (e) ;  B,  tr»iutvenM  MCtkm  of  tbe  crcmiDcarp  fthowin^  i*nmarf 
ribft  <•),  Kcoodary  ribs  (d).  vitbe  ic>  on  ooouniHunl  aide,  and  wed  (b}.~Aficr  Dxstia. 


CcNSTiTL'KNTS. — Volatile  oil  0.5  to  1  per  cent.;  fixed  oil  about 
13  per  cent.;  tannin;  calcium  oxalate;  nsh  about  5  per  cent. 
The  volatile  oil  consists  of  about  yo  per  cent,  of  d-Iinalool  (cori- 
androlt.  about  5  per  cent,  of  d-pinenc  and  some  other  con- 
stituents. 

The  unripe  fruits  are  said  to  yield  a  volatile  oil  that  has  a 
fetid,  bedbup-like  odor,  which  it  loses  on  keeping. 

FCEMCULUM.— KF.NXKL.— The  fruit  of  I-a^niculum  vul- 
gore,  and  of  the  var.  duke  (Fam.  Umbelliferse),  perennial  herbs 
indigenous  to  the  Mediterranean  regfion  of  Europe  and  Asia,  and 
cxdiivatcd  in  France,  Galicia,  Germany,  Roumania,  Russia,  India, 
and  Japan.    The  fruit  is  collected  when  ripe  and  dried.    That 
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characteristic  odor  and  taste:  chavicol  (isomer  of  anethol) ;  anise 
ketone ;  anisic  aldehyde ;  anisic  acid,  d-pinene  and  dipentene. 

The  swet  or  Roman  fennel,  obtained  from  plants  {F.  dulce) 
cuhivatcd  in  Southern  France,  has  longer  and  somewhat  curved 
mericarps,  and  yields  abont  2  per  cent,  of  oil»  containing  con- 
siderable anethol  but  no  fcnchone.  MAtEHJo.vtAN  fennel  oil  con- 
tains considerable  anctliol.  sonic  linionene  and  phellandrenc,  but 
no  fcnchone.  Wild  bitter  fennel  oil  obtained  from  wild  plants 
contains  scarcely  any  anethol,  but  consists  in  part  of  phellandrenc 
and  fenchonc. 

Allied  Drvgs. — The  more  or  less  fusiform  root  of  Faenic- 
iilum  vulf^arc  is  also  used  like  fennel.  It  is  8  to  15  cm.  long, 
10  to  15  mm.  in  diameter,  externally  light  brown.  Internally  whit- 
ish, with  numerous  yellowish -brown  olco-resin  canals,  and  with 
an  aromatic  odor  and  taste.  Fennel  root  contains  a  volatile  oil, 
resin,  starch  and  sugar. 

CARUM.— CARAWAY,— The  fruit  of  Carum  Conn  (Fam. 
Umbelliferic).  a  biennial  herb  (p.  352)  indigenous  to  Europe  and 
Asia,  and  cidtivated  in  F.nglanri.  (jcrmany,  Holland,  Norway. 
Russia,  Sweden  and  the  United  States,  being  naturalized  in  the 
Northern  United  States  and  parts  of  Canada.  The  plants  are  cut 
when  the  fruits  arc  ripe,  the  latter  being  separated  by  thrashing. 
The  fruits  from  plants  grown  in  Holland  are  preferred. 

Description. — Mericarps  usually  separated:  crcmocarp  ob- 
long, laterally  compressed,  4  to  6  mm.  long.  2  to  3  mm.  in  diam- 
eter, externally  dark  brown,  surmounted  by  a  small,  somewhat 
globular  stylopodium  and  5  minute  calyx  teeth;  primary  ribs  10 
in  number,  filiform,  yellowish,  Ijetween  each  of  which  are  slight, 
secondary  ribs;  internally  dark  brown,  mericarps  curved,  nar- 
rowed at  both  ends,  and  with  a  slender  caqMiphore  attached  to 
each,  the  latter  5-angled  in  cros.s-section.  the  commissural  surface 
with  2  vitt:e,  the  dorsal  surface  with  a  vitta  between  each  of 
the  primary  ribs;  seeds  irregnlarh-  oblong  in  section,  with  a  small 
embryo  at  tlie  upper  end  of  the  reser\'e  layer;  odor  and  taste 
aromatic. 

Innkr  STRUcrrRF,. — See  Fig.  247. 

Constituents. — Volatile  oil  from  5  to  7  per  cent.;  fixed  oil; 
tannin;  calcium  oxalate,  and  5  to  8  per  cent,  of  ash. 


CRCDE  DRUGS. 


567 


Volatile  oil  of  caraway  contains  50  to  Oo  \kt  cent,  of  d-car- 
vone  (carvolj,  and  40  to  50  per  cent.  d-Hmonene  l_carvcn).  Car- 
away oil,  particularly  car\*one.  is  colored  yellow  on  exposure  to 
air,  and  the  old  oil  ^ves  a  reddish-violet  color  with  ferric  chloride 
solution. 

Ai.MEn  Drucs. — The  seeds  of  .\igella  sativa  and  .V.  damas- 
cena  (Fam.  Kanunculacea? ) .  arc  used  in  medicine  and  for  flavor- 
ing like  caraway.  They  arc  commonly  known  as  Black  Cara- 
way. The  seeds  are  ovate.  3-  to  4-angled.  about  3  mm.  long, 
externally  black  and  reticulate:  internally,  a  larKe.  white,  oily 
reser^•e  layer  in  which  is  embedded  the  small,  greenish  embryo. 
Black  caraway  contains  1.5  per  cent,  of  a  volatile  oil;  1.5  per 
cent,  of  a  glucoside,  melanthtn,  which  resembles  saponin  and 
helleborin :  a  fluorescent  alkaloid,  damascenin.  giving  the  volatile 
oil  from  A',  damascena  its  Huorescencc;  another  alkaloid,  conni- 
gelline;  and  about  35  per  cent,  of  a  fixed  oil. 

CONICM.— POISON  HEMLOCK.— The  fruit  of  Conium 
macuiatttm  (Fam.  l_'mbeUifene },  a  biennial  herb  (Fig.  170), 
indigenous  to  Europe,  and  naturalized  in  North  and  South  Amer- 
ica and  in  various  parts  of  Asia  (p.  352).  The  fruit -is  collected 
when  full  grown  but  still  green  from  wild  plants,  carefully  dried 
and  preserved. 

Descriition. — Mericarps  usually  separated;  cremocarp 
broadly  ovoid,  slightly  compressed  laterally.  3  to  4  mm.  long, 
about  2  mm.  in  diameter,  with  a  pedicel  3  to  5  mm.  long,  exter- 
nally grayish-green,  with  10  straight  more  or  less  crenate  yellow- 
ish ribs,  stylopodium  depressed,  internally  greenish-brown,  with 
a  slender  car|X)phore  attached  to  eacli  rnericarp.  the  latter 
5-angled  in  cross-section  and  without  any  vittae:  seeds  reniform, 
with  a  deep  furrow  on  the  commissural  side,  and  witli  a  small 
embryo  at  the  upper  end  of  the  reserve  lajxr ;  odor  distinct ;  taste 
slight. 

Inner  STRircTURE. — Sec  Fig.  248. 

CoxsTiirKNTS. — The  most  important  constituent  is  the  liquid 
alkaloid  coniine  (he.xa-hydropropyl  pyridine),  which  exists  to 
the  extent  of  0.5  to  3  per  cent. :  the  drug  also  contains  coxydrine 
(oxyconiine),  which  crystallizes  in  plates,  is  dextrorotatory  and 
very   poisonous;    pseudckon^'drine    (an   isomer  of  conydrinc), 
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which  crystallizes  in  needles;  >-coniceine,  which  is  a  colorless, 
oily  alkaloid  with  a  disagreeable  odor,  and  18  limes  more  poison- 
ous even  than  coniinc;  volatile  oil.  fixed  oil,  starch,  calcium 
oxalate,  and  yields  about  6  per  cent,  of  ash. 

Coniine  is  naturally  combined  in  the  dnig  with  organic  acids, 
from  which  it  is  lilieratcd  on  treatment  with  alkalies,  and  may  be 
readily  extracted  from  the  mixture  by  means  of  ether.  WTien 
pure,  coniine  is  a  colorless,  nearly  odorless  liquid  and  forms  a 
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Fig.  948,  CroM  Mctkm  of  «  mcricmrp  trf  conium:  c,  c,  oammiMunl  turface;  9.  i 
tion  without  secondary  ribs;  o,  fwntrm  ehowinit  iliRht  development  of  Mcondary  rib; 
o',  Mvnnditry  rib;  v,  fibrDvaacutdr  tmnHle  of  i>mcuTt>  (m);  I.  I',  hiycn  ojnUiininK  coniine; 
a,  cndu9;rcm);  b.  Uatum  of  the  embryo. — Afier  Flfickicer. 


number  of  crystalline  salts.  On  the  addition  of  concentrated  sul- 
phuric acid  to  coniinc  the  latter  is  colored  blood  red  and  after- 
wards green.  The  disagreeable  odor  in  commercial  coniine,  a& 
well  as  in  conium,  is  due  tn  the  alkaloid  coniceinc. 

Allied  Drliis. — The  entire  plant  of  Cottiutn  ttta4:ulatum 
(Fig.  170)  is  official  in  several  phannacopceias.  It  probably  con- 
tains the  same  constituents  as  the  fruit,  but  in  smaller  amounts. 
The  r<X)t  contains  0.018  to  0.047  V^^  c^"*^-  *^*f  total  alkaloids;  the 
clems  0.064  per  cent.:  the  leaves  0.187  P^*"  cent,  and  the  flowers 
and  flower  stalks  0.236  per  cent. 
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Water  hemlock  {Cicuta  ntaculata)  is  a  stout,  perennial 
herb  growing  in  wet  meadows  throughout  the  United  States 
(Fig.  169).  The  stems  are  streaked  with  piirjile.  the  leaves  arc 
pinnately  compoiind,  the  leaflets  being  oblong-Ianceolate  and 
coarsely  serrate ;  the  flowers  are  while,  occurring  in  large  com- 
pound umbels.  The  fruit  is  ovoid,  with  prominent  ribs  and 
six  conspicuous  vilta;.  The  rhizome  is  large  and  flesliy  and  sonie- 
(ime«  mistaken  for  parsnip.  The  fruits  contain  a  volatile  alka- 
loid, cicnline,  which  is  said  to  resemble  coniine,  ami  aboiit  i  per 
cent,  of  a  volatile  oil  resembling  oil  nf  onnin.  The  rhizome, 
stems  and  leaves  contain  a  resinous  substance,  cicutoxin,  which 
is  said  to  He  quite  poisonous. 

RHUS  GLABRA.— SUMAC  BERRIES.— The  fruit  of  Rhus 
glabra  (Fam.  Anacardiacese).  a  shrub  (Figs.  164.  249).  indigen- 
ous to  Canada  and  the  United  States,  extending  as  far  west  as 
Arizona  (p.  321). 

DESCRiPTtox. — Drupe  dry.  superior,  nearly  globular,  flat- 
tened, 3  to  4  mm.  in  diameter.  2.5  mm.  thick,  and  with  a  slender 
peduncle  about  2  mm.  long;  reddish  externally,  very  pubescent, 
apex  with  a  scar  and  with  the  remains  of  the  style,  base  occa- 
sionally with  the  5-cleft  calyx;  ondocarp  smooUi,  shiny,  light  red; 
i-locular,  i-seeded;  seed  campy lotropous,  dark  brown,  smooth, 
hilum  marked  by  a  distinct  scar,  reserve  layer  wanting,  embryo 
curved ;  inodorous ;  taste  acidulous  and  astringent. 

CoNSTiTi'ENTS- — Taunic  acid  about  2  per  cent. ;  gallic  acid, 
and  acid  calcium  and  potassium  malates. 

Allied  Dkitcs. — The  leaves  of  Rhus  glabra  contain  from 
i6  to  25  per  cent,  of  tannin.  The  galls  formed  on  the  petioles 
and  leaves  resemble  the  Chinese  or  Japanese  galls  and  contain 
about  60  per  cent,  of  tannin  and  some  gallic  aci<l. 

CUBEHA.— CUBED  BERRIES.— The  fruit  of  Piper  Cit- 
bfba  (Fam.  Piperaceae).  a  woody  climber  (p.  249),  indigenous 
to  Borneo.  Java  and  Sumatra,  where  it  is  apparently  also  cidti- 
vated.  The  fruit  is  gathered  when  full  grown  but  still  green, 
and  carefully  dried  in  the  sun.  the  commercial  supplies  being 
shipped  from  Batavia  and  Singapore. 

Description. — Drupe  dry,  superior,  globular,  4  to  6  ram.  m 
diameter,  with  a  straight,  slender  peduncle  5  to  7  mm.  long; 
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embryo  at  tlic  upper  end  of  the  reserve  layer ;  odor  distinct ;  taste 
aromatic  and  pungent. 

Innek  Stkuctuhe. — See  Fig.  250. 

CoxSTiTLENTs. — Volatile  oil  10  to  18  per  cent.,  consisting 
chiefly  of  tcrpcnes  and  sesquitcq>cne9  and  a  sesquiterpene 
hydrate  known  as  cul>eb  cami>hor;  several  resins,  2.5  to  ,^.5  per 
cent.,  one  of  which  is  acrid  and  one  a  so-callerl  indifferent  resin ; 
cnbebic  acid,  I  to  3.5  per  cent.,  this  being  colored  reddish  with 
sulphuric  acid;  a  bitter  crystalline  principle,  cubcbin,  0.4  to  3 
per  cent. ;  fixed  oil,  1  per  cent. ;  giim,  8  per  cent. ;  starch,  and 
about  6  per  cent,  of  ash. 

.Ai.LiEU  Plants. — A  number  of  other  species  of  Piper  )'ieUl 
fruits  resembling  cubeb.  as  Pjf>cr  Clusii,  of  West  .Africa;  P.  hor- 
bonense,  of  Bourbon;  P.  sumatranum  and  P.  pedkcUosum,  of 
Farther  India. 

The  fruit  of  Toddalia  tanceohta  (Fam.  Rutacese)  is  used 
in  Africa  in  place  of  cubeb  ( berries).  The  fruits  of  Litsea 
citratti  have  been  .sold  as  false  cubeb,  and  tliose  of  Litsea  Ciibeba 
(Fani.  Lauracea;)  are  substituted  for  cubeb  in  Cochin  China 
and  Oiina. 

Ai)i;r.Tr.HA\TS. — The  fruits  of  other  sjwcies  of  Pifwr  some- 
times find  their  way  into  market ;  these  are  grayish  in  color, 
somewhat  bitter,  and  do  not  give  a  wine-colored  reaction  with 
sulphuric  acid.  Not  infrequently  a  considerable  amount  of  th^ 
rachis  is  present  and  this  contains  a  relatively  small  amount  of 
the  active  principles. 

PIPFR.— BL.ACK  PKPPKR.— The  fruit  of  Pif>cr  mgntm 
(Fam.  Piperaceie).  a  woody,  perennial  climber  (p.  247).  indig- 
enous to  Cochin  China  and  various  parts  of  India  and  cultivatetl 
in  the  East  Indies.  West  Indies  and  other  tropical  countries, 
nie  fruit  is  gathered  when  full  grown,  removed  from  the  rachis 
and  dried  in  the  sun.  The  commercial  supplies  are  obtained 
from  plants  cultivated  in  Java,  .Sumatra  an<I  other  islands  of  the 
Malay  .Archipelago,  the  principal  points  of  export  being  Batavia 
and  Singapore.  The  latter  furnishes  the  best  grade  of  black 
pepper  and  as  it  i?  dried  by  artificial  heat  it  has  a  somewhat 
smoky  odor  and  taste.  The  most  of  the  other  black  peppers  or 
peppercorns  are  dried  in  the  sun. 
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DEsCRtiTKix. — Drupe  dry,  superior,  nearly  globular.  4  to  6 
n«n.  in  diameter,  cpicarp  very  thin,  easily  separable  from  the 
sarcocarp;  externally  blackish-brown,  coarsely  reticulate,  apex 
with  remains  of  sessile  stigma,  base  with  scar  of  pedicel,  sarco- 
carp and  cndocarp  dark  brown  and  with  numerous  longitudinal 
veins ;  seed  atropous.  broadly  ovoid,  4  to  5   mm.  in  diameter^ 


2£SC 


^-J 


>^:^=:^ 


B 


i 


Fin,  (3<9.  Cubcb:  A,  tninsverw  scctkm  of  the  pericarp  ibowing  epidermis  (Bp), 
■lone  telU  |Sc>,  oH  cclU  (lU),  parenchyma  (P;,  col1ap»ed  parenchyma  tissue  M,  endocarp 
(Rnl  t«m[>uM)j  irf  stone  cetU.  II.  «i>lke  4howlru{  bntcl«  (o),  youn«  aesnlc  (niiu  <il>.  and  a 
maliur  fruit  with  Iiintt  peilicel  Ir).  C.  tunvitudinaj  Mctkin  of  i&ature  fruit  ahuwlns  [irri- 
CNf|i  ill.  union  (I)  a(  MNtl  and  pericarp,  large  periapcrm  (k>.  momll  cniK'si'vmi  (mi.  utiicri 
•utrritinrla  ihn  embryo  (E).  D.  Aowcr  diaicram  showimt  the  podtion  of  the  dower  >n  reier- 
«nr«  to  th«  rachit  (a},  bract  (D)  and  pericarp  (e)  which  ninoimda  the  ovule  ^S)'— AXter 
Meyer. 

externally  rctUlish-brown,  micropylar  end  pointed,  chalazal  end 
rniirkcd  by  a  small  scar:  iiuenially  yellowish-grecn;  pcrisperm 
large  anil  usually  with  a  cavity  near  the  middle  i  mm.  or  more 
ytik\r,  the  endosperm  small,  situated  at  one  end  of  the  fruit 
and  enihr>'o  small,  frequently  more  or  less  shrivelled;  odor  aro- 
matic, ulighlly  cmpyrcuniatic ;  taste  aromatic  and  pungent. 
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Black  pepper  should  yield  not  less  than  6  per  cent-  of  a  non- 
volatile ether  extract  nor  less  than  25  per  cent,  of  stardi.  The 
ash  should  be  not  more  than  7  per  cent.,  of  which  only  two  per 
cent,  is  insoluble  in  hydrochloric  acid.  The  crude  fiber  should 
be  not  mure  than  15  per  cent. 

Inner  Strictuke. — The  epicarp  consists  of  a  layer  of  poly- 
gonal culls  with  dark  brown  contents;  beneath  this,  one  or  more 
interrupted  rows  of  strongly  lignified,  more  or  less  radially 
elongated  stone  cells  occur;  the  sarcocarp  contains  a  more  or  less 
interrupted  layer  of  oil  cells  with  suberized  walls ;  the  endocarp 
consists  of  characteristic  stone  cells,  which  are  horse-shoe  shaped, 
the  inner  and  radial  walls  being  thickened  and  commonly 
referral  to  as  "  beaker  cells."  The  perispcrm  consists  chiefly  of 
ra<iially  elongated  cells  containing  numerous  starch  grains  which 
are  2  to  6  /*  in  diameter;  some  resin  cells;  cells  containing  needle- 
shaped  crystals  of  pij)crine,  and  in  the  outer  layers  small  aleurone 
grains  (Figs.  121.^;  311). 

CoN.sTMTKNTs. — X'olatilc  oil  I  to  2  pcr  cent.,  containing 
dipentene,  phellandrene  and  a  peculiar  terpenc ;  the  alkaloid 
PU'ERiNE,  4.5  to  8  j>er  cent.,  which  crystallizes  in  colorless,  taste- 
less, 4-sidcd  prisms  which  are  colored  bright  green  by  means  of 
concentrated  sulphuric  acid  and  formaldehyde,  and  with  potassium 
hydrate  or  sulphuric  acid  give  a  red  color;  pipcridine,  a  colorless 
liquid  alka!ui<l,  which  is  a  derivative  of  pipcrine,  about  05  per 
cent. :  a  pungent  resin,  chavicin ;  starch,  25  to  40  per  cent. ;  tannin ; 
proteins,  about  10  per  cent. ;  ash.  about  5  per  cent. 

Allied  pRtioucTS. — The  frm'ts  of  Piper  uigrum  arc  some- 
times allowed  to  ripen  ami  the  epicarp  is  separated  by  hand  or 
machinery  after  the  fruits  have  been  soaked  in  salt  water  or  lime 
water.  The  fruits  arc  then  known  as  white  peppercorns  or 
WJiiTE  I'Ki'PKK,  are  nearly  smooth,  of  a  light  gray  or  jellow  color, 
and  while  less  aromatic  and  pungent  than  the  black  pepper  or 
black  peppercorns,  possess  a  fine  flavor.  Wliitc  pepper  yields 
3-9  to  6.47  per  cent,  of  ]>iperinc-. 

Piper  longum.  a  shrub  indigenous  to  the  Malay  Archipelago, 
yields  the  so-called  "  long  it.pper."  which  consists  of  the  entire 
spikes  of  the  immature  fruit;  the  spikes  are  cylindrical,  from 
2,5  to  4  cm.  long,  about  5  mm.  thick,  of  a  grayish-black  color, 
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and  the  drupes  are  less  aromatic  and  pungent  than  the  official 
pepper.  In  stnicture  long  pepper  is  distinguished  by  the  absence 
of  oil  cells  in  the  sarcocarp,  and  "  beaker  cells  "  of  the  endocarp, 
and  the  larger  starcli  grains  (2  to  lo  /i)  in  the  pcrisperm.  Long 
pepper  yields  alioul  i  ]>er  fenl.  of  a  volatile  oil  with  the  pungent 
taste  of  the  oil  nf  pepper  but  an  odor  resembling  that  of  ginger; 
and  alK)ut  4.24  per  cent,  of  piperine. 

Long  pepi>er  is  also  obtained  from  Piper  officinarum.  of  Java, 
India  and  the  Philippine  Islands;  Piper  syktiticuiu.  of  Eastern 
India;  CVwiiVn  officinarum,  of  the  West  Indies;  and  Peperomia 
acuminata,  of  Peru. 

AnuLTERANTs. — The  poorer  black  peppers,  known  as  Acheen 
{K-pper.  are  light  in  weight,  consist  more  or  less  of  shells  and 
arc  usually  considerably  broken.  They  are  frequently  contam- 
inated with  stems,  earth  and  small  stones.  Penang  white 
PCfi'Kft  has  a  grayish  color  and  is  coated  with  a  substance  con- 
taining considerable  calcium  carbonate.  Peppkj*  iitlls  or  pepper 
shells,  representing  the  broken  pericarp  of  the  fruit  obtained  in 
the  preparation  of  white  pepper,  consist  of  small  grayish-black 
fragments,  containing  numerous  stone  cells,  and  they  yield  a 
high  iKrrcentage  of  fiber  and  ash. 

Substitutes. — The  fruit  of  Embeiia  ribcs  (Fam.  Myrsin- 
aceae),  a  small  tree  of  India,  has  been  used  as  an  adulterant  of 
both  pejiper  and  cubeb.  The  blackish  drupes  resemble  black  pep- 
per. They  are  very  aromatic  and  yield  a  principle,  embelic  acid, 
which  crystallizes  in  golden-yellow  prisms,  the  alcoholic  solution 
of  which  is  colored  red  with  ammonia. 

The  fniit  of  Polyadcuia  pipcricarpa  (Fam.  Lawraccae),  of 
Sumatra,  is  also  used  in  place  of  pepper.  The  fruits  of  a  number 
of  species  of  Xylopia  (Fam.  Anonaceae)  contain  aromatic  and 
bitter  principles,  some  of  these  being  used  as  a  condiment  like 
popper,  as  .V.  <rfhiop!ca,  whicli  are  also  used  as  a  medium  of 
exchange  by  the  natives  of  Uadai  (.Africa),  and  A*,  gratidiflora, 
X.  sericca  and  X.  frutesccns  of  Brazil.  A',  aromatica  yields  the 
Guinea  pepper. 

FIMENTA.— ALI^PICE.— The  fruit  of  Pimento  officinalis 
(Fam.  Myrtaceje),  a  tree  (p.  347)  indigenous  to  the  West  Indies, 
Mexico,  Central  America  and  Venezuela,  where  it  is  also  culii- 
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vated,  especially  in  Jamaica.  The  i>anicles  are  collected  when 
the  fruit  is  fuH  grown  but  still  green,  and  dried  in  the  sun,  the 
fruit  being  subsequently  separated. 

Descbiption. — Drupe  dry,  inferior,  su!>-globular.  5  to  7  mm. 
in  diameter;  externally  dark  brown,  glandular-punctate;  apex 
with  four  minute  calyx  teeth  or  forming  a  minute  ring  and  sur- 
rounding the  remnants  of  the  somewhat  depre.<!sed  style;  base 
with  scar  of  pedicel  or  occasionally  with  a  pedicel  4  to  6  mm. 
long;  pericarp  about  t  mm.  thick;  internally  light  brown,  2-Iocu- 
lar,  2-seeded.  dissepiments  thin;  seeds  campy  lot  ropous,  plano- 
convex, shghtly  reniform.  about  4  mm.  long  and  about  j^  mm. 
thick,  externally  reddish-brown,  smooth,  somewhat  wrinkled, 
shiny,  internally  dark  brown,  reserve  layer  wanting,  embryo  spi- 
rally cnn'ed.  with  a  long,  thick  radicle  and  minute  cotyledons; 
otlor  and  taste  aromatic,  supposcti  to  resemble  those  of  a  mixture 
of  cloves  and  other  spices,  whence  the  name  "  Allspice." 

CoNSTtTLKXTS. — \*olatile  oil  (3  to  4  per  cent.)  consisting  of 
about  60  per  cent,  of  eugcnol ;  resin ;  an  acrid  fixed  oil  about  6 
per  cent. ;  tannin :  starch ;  calcium  oxalate ;  ash  about  4  per  cent. 

Ar.LiEP  Plants. — A  variety  of  P.  ofUcinalis  yields  a  fruit 
with  large  drupes  known  as  Tobasco  or  Mexican  Allspice.  The 
structure  of  this  fniit  resembles  that  of  pimenta,  as  also  does  the 
Crown  Allspice  obtained  from  P.  acris,  a  tree  of  tropical  America, 
the  fruits  of  which  are  8  to  10  mm.  long. 

MALTUM. — MALT. — Tlie  partially  germinated  and  dried 
grains  of  Honicum  satnitm.  particularly  of  the  variety  -i-uli^an* 
(Fam.  Gramineie)  (p.  228).  In  the  preparation  of  malt  the 
barley  grains  are  soaked  in  water  for  12  to  24  hours,  placed  in 
heaps,  allowed  to  genninalc.  being  occasionally  stirred  so  that 
the  heat  generated  on  germination  does  not  become  excessive. 
After  the  protrusion  of  the  caulicle  and  radicle  the  material  is 
quickly  dried  and  deprived  of  these  parts. 

Barley. — Narrow-ellipsoidal,  somewhat  4-angIed,  8  to  to 
mm.  long.  2  to  3  mm.  in  diameter,  having  an  outer,  readily  sep- 
arable coat  consisting  of  the  inner  an<l  outer  pales,  which  are 
membranous,  chafF-likc.  pale  straw-color  and  somewloat  trans- 
lucent ;  within  the  pales  ami  adhering  to  the  base  of  the  grain, 
two  ver>*  small  lodicules  consisting  chiefly  of  unicellular  hairs 
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from  0-5  to  i  mm.  long.  Grain  nearly  sm'wth,  groove^  on  one 
side  anti  with  a  slight  projection  at  the  apex  consisting  of  numer- 
ous i-cclled  hairs,  usually  with  poUen  grains  adhering,  embryo 
on  side  opposite  tlie  groove  and  forming  a  slight  projection  at 
tlic  base  of  the  grain ;  endosperm  large  and  consisting  chiefly  of 
cells  filled  with  spherical  starch  grains  resembling  those  of  wheat, 
the  two  to  four  outer  layers  of  cubical  cells  containing  aleurone 
grains.  The  embryo  is  connected  with  the  endosperm  by  means 
of  a  sheathing  membrane  (by  some  regarded  as  a  modified  coty- 
ledon). iJirough  which  it  obtains  nutriment  during  germination. 
On  germination  the  embryo  pnxluces  about  5  multiple  primary 
rootlets  and  a  stetn  portion  with  sheathing  green  leaves. 

M.\LT. — Grains  resembling  those  of  barley,  of  a  yellowish- 
brown  to  dark  brown  color,  and  with  a  siiori  fracture:  starch 
grains  altered,  exhibiting  numerous  radial  and  concentric  fissures: 
odor'  agreeable  and  taste  sweetish. 

Constituents. — Barley  grains  contain  from  60  to  68  per 
cent,  of  starch;  12  to  18  per  cent,  of  proteins;  about  1.5  per  cent, 
of  sugar,  and  i  to  3  per  cent,  of  fixed  oil.  Two  ferments  are 
developed  during  the  process  of  germination,  namely,  diastase, 
which  acts  on  the  starch,  changing  it  to  dextrin  and  maltose;  and 
another  ferment  which  acts  on  the  proteins,  converting  them  into 
peptones.  The  germinating  seeds  of  barley  contain  a  white  crys- 
tallizable  alkaloid,  hordenine.  which  is  slightly  toxic. 

Commercial  malt  contains  nearly  the  same  constituents  as 
are  found  in  barley,  the  starch  grains  being  somewhat  altered 
and  converted  partly  into  soluble  starch  through  the  action  of  the 
ferment  diastase,  a  small  amount  of  which  is  still  present  in  malt 
after  tirying.  In  the  preparation  of  the  extract  of  malt  the 
starch  is  mostly  converted  into  dextrin  and  maltose,  the  propor- 
tion of  the  latter  being  larger. 

PRUNUM.— PRL'NE.— The  fruit  of  Prunus  domesfica,  and 
of  the  var.  JuHatia  (Fanv  Rosacea),  a  small  tree  (p.  287)  indig- 
enous to  Southern  Europe,  and  largely  cidtivalcrl  in  Southern 
France.  Germany,  Asia  Minor  and  California,  but  not  found 
growing  wild.  The  fruit  is  collected  when  ripe  and  partially 
dried  by  artificial  means,  or  completely  dried  in  the  sun.  The 
fruit  exported  from  Bordeaux  is  of  superior  quality. 
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ellipsoidal,  flattened,  about  2  mm.  thick,  externally  dark  brown, 
rcticulaie.  with  a  groove  on  one  side,  frequently  extending  nearly 
around  the  edge,  internally  light  brown,  smooth,  l-Iocular, 
i-seeded,  occasionally  2-seedcd ;  seed  about  2  cm.  long.  8  mm. 
wide,  5  mm,  thick,  closely  resembling  Bitter  Almond  (see  Amy- 
dala  Amara). 

CoNSTiriTENTS. — Sugar  25  to  44  per  cent.;  organic  acid.*!,  as 
malic  and  tartaric,  partly  free  and  partly  combined,  chiefly  with 
potassium,  about  2  per  cent.,  and  water  aI)Out  30  per  cent. 

SABAL.— SAW  PALMETTO.— The  u\^  drupe  of  Sabal 
{Scratoa)  serrulata  (Fam.  Palm.x),  a  small  palm  found  growing 
in  sandy  soil  from  South  Carolina  to  Florida.  The  fruit  is  par- 
tially dried  by  artificial  means  (p.  231 ;  Fig.  251). 

Description. — Drupe  superior,  ellipsoidal,  ovoid  or  some- 
what globular.  1.5  to  3  cm.  long,  i  to  1.5  ctii.  in  <Hameter;  exter- 
nally brownish-black,  smooth,  somewhat  oily,  with  few  large, 
somewhat  angular  depressions  due  to  the  contraction  of  tlie  inner 
layer  on  drying ;  apc.x  marked  by  remains  of  style ;  base  marked 
by  stem-scar  or  with  remains  of  stem;  epicaqj  and  sarcocarp 
together  forming  a  thin  coriaceous  shell  enclosing  a  hard  but 
thin  cndocarp  which  is  externally  reddish-brown  and  somewhat 
fibrous,  as  is  also  the  inner  layer  of  the  sarcocarp:  inner  layer  of 
cndocarp  smooth,  enclosing  an  ellipsoidal  or  ovoid,  hard,  some- 
what flattened,  anatropous,  reddisli-brown  seed  which  is  marked 
on  the  raphe  side  by  an  arillus-like  appendage  and  on  the  oppo- 
site side  near  the  end  by  the  micropyle,  which  forms  a  slight 
projection ;  internally,  with  a  large  endosperm  of  thick-walled 
paretKhynia  and  a  very  small  embryo  at  the  micropyle;  odor 
prrinoimce<i.  aromatic  and  fruity  ;  taste  sweetish,  aromatic  and 
slightly  acrid. 

Constituents. — About  1.2  per  cent,  of  a  volatile  oil  (in  the 
fresh  fruit) :  4  to  5  per  cent,  of  a  green  or  brownish  oil.  con- 
sisting of  a  number  of  fatty  aciils  and  their  esters,  as  caproic. 
caprylic.  capric,  lauric,  palmitic  and  oleic ;  a  resin ;  considerable 
glucose  and  possibly  an  alkaloid. 

CAPSICUM.— CAYENNE  PEPPER  (AFRICAN  PEP- 
PER).— Tlie  dried  ripe  fruit  of  one  or  more  species  of  Capsicum, 
probably  Capxicutn  fasti^iatnm.  Capsicum  fnttcsccns,  and  Cap- 
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sicum  minimum  (Fam.  Solanaccae),  shrubs  indigenous  to  tropical 
America,  and  cuUivalcd  in  tropical  Africa.  India  and  America, 
and  Japan.  The  commercial  supplies  are  obtained  from  plants 
cultivated  in  Natal,  Sierra  Leone  and  Zanzibar.    The  latter  variety 
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Flu.  js>.  Cftrden  pepper  {Capsicum  annuum):  A.  tntuvcrse  section  of  fwricarp 
•howinti  epidennU  (ep>;  bypodennU  (ko).  toriM  o(  the  cells  of  which  have  thick  auboriiad 
walli  and  contain  oil  (o>  adiI  min;  pBrmchynM  <pa):  fibrovasculor  bunille  <a1:  inner 
e[>t<1crmU  li,  cp>  compuKil  of  thick,  httnilied.  pnrau*  cellt.  B,  diiignun  of  fcrtiJueU  ovule 
showing  Kilwm  (S),  mlcroiiyln  <m).  inlrRummt  (J>.  fibrovBSCulur  bundU  (sf),  embryo-MK 
(Bi^  egt(-cel1  le).  antipodal  cells  <a).  C.  lontfitudtnEl  and  traosverM  •ecliont  of  n  done 
cell  from  the  inner  epidermis  ihowing  the  thickcninK  of  the  inner  «nd  Mf  walla. — A,  after 
Huuiudc;  fi.  C,  after  Meyer. 


furnishes  one  of  the  best  grades.    Cayenne  pepper  is  also  known 
as  red  pepper  or  chillies  (p.  375). 

Desckii'tion. — Oblong,  conical,  laterally  compressed.  1.5  to 
4  cm.  long,  6  to  10  rnm.  in  dianiL-tcr,  with  an  inconspiaions 
5-tootlied  calyx  and  sometimes  a  slender,  straight  pedicel  about 
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15  mm.  long;  externally  yellowish-  or  brownish-red,  glabrous, 
shiny,  somewhat  transUiccnt,  more  or  less  shriveled:  apex  acute, 
base  somewhat  roundfd;  pericarp  coriaceous,  tliin;  inner  surface 
with  two  or  three  distinct  longitudinal  ridges,  longitudinally  stri- 
ate, 2-  or  3-locular,  dissepunents  thin,  united  below;  seeds 
10  to  20,  campy  lot  ropous,  irregularly  circular  or  oUuvate,  flat- 
tenei:!,  pointed,  about  3  to  4  mm.  in  diameter.  0.5  mm.  thick,  edge 
slightly  tJnckentd.  embryo  curved,  embedded  in  the  endosperm ; 
odor  distinct;  taste  of  pericarp  pungent,  of  dissepiments,  verj' 
pungent. 

Cayenne  pejiper  should  yield  not  less  than  1 5  per  cent,  of  non- 
volatile ether  extract;  nor  more  than  1.5  per  cent,  of  starch;  6.5 
per  cent,  of  ash. 

Inner  Structure.^ — See  Figs.  252;  301,  C 

Constituents. — Two  crjstalline  pungent  principles  which 
are  found  principally  in  the  dissepiments  of  the  fruit:  caps.mcin, 
which  is  slightly  soluble  in  water  and  is  volatile  at  115°  C, 
forming  irritating  vapors ;  and  cAi'SACL'TrN.  which  is  so  powerful 
that  I  part  in  11,000,000  of  water  has  a  distinct  pungent  taste. 
Capsicum  also  contains  a  volatile  alkaloid  resembling  coniine;  a 
volatile  oil  with  an  odor  of  parsley;  resin;  a  small  quantity  of 
starch ;  a  fixed  oil.  consisting  of  oleic,  palmitic  and  stearic  acids; 
and  yields  4  to  6  per  cent,  of  ash. 

Allied  Drugs. — A  capsicum  of  inferior  quah'ty  known  as 
Bf)MUAY  I'EPPER  is  obtained  from  plants  growing  in  iJie  vicinity 
of  the  River  Niger  in  Africa.  The  fruits  are  dull  yellow  or 
brown  in  color,  2  to  3  cm.  long  and  about  10  mm.  in  diameter. 

Japan  pepi'eh  resembles  the  official  Cayenne  i)q)i)er  in  size. 
The  fruits  arc  of  a  bright  yellowish-red  color,  ami  more  shiny 
but  not  so  pungent.  Gakok.n  or  poi>-pepper.  also  known  as 
paprika  or  Spanish  pepper,  is  the  pro<luct  of  Capsicum  anmium, 
an  herb  extensively  cultivated  in  Hungary.  Italy  and  Spain,  and 
this  kind  is  recognized  by  the  German  Pharmacopreia.  The 
fruits  when  fnsh  are  5  to  10  cm.  long,  5  to  7  cm.  in  diameter, 
more  or  less  inflated,  externally  of  a  bright  green,  yellow  or 
red  color;  the  pericarp  is  2  to  3  mm.  thick,  enclosing  a  lai^ 
cavity,  which  has  x  or  2  dissepiments  at  the  base,  and  contains 
numerous  flattened  seeds  about  3  to  5  mm.  in  diameter. 
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CARDAiMOMUM.— CARDAMOM.— The  fniit  of  EUttaria 
Cardatnomum  (Syn.  /i.  rtpcns)  (Fam.  Ziiigiberaccic),  a  peren- 
nial herb  (p.  242J  indigenous  lo  Farther  india,  and  cuUivatcd 
near  the  Malabar  Coast  and  in  Ceylon.  The  conimercial  article 
is  obtained  from  wild  plants  growinsf  in  the  southern  part  of 
the  western  coast  of  Farther  India.  The  fruit  is  gatlicrcd  in 
autumn — either  the  entire  spike,  when  some  01  the  fruits  have 
matured,  or  the  full-grown  fruits  are  cut  from  the  rachis  in  suc- 
cession as  they  ripen ;  they  are  bleached  by  exposure  to  the  sun. 


B 
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Fio.  353.  Cardamom:  A.  transvene  aectioo  thoiriDg  the  ariHus  (h).  the  wvEral 
layer* of  the  wad-coat  (T,  1.  V),  pcrispcrm  (i).  tndoiprnn  \»>  and  embryo  <j)  a:  the  center. 
B,  traiuvene  section  uf  the  M«<I-coat  nnil  prnajicni)  o(  MaJabar  canlamoin  sliowiog  cpitler- 
mal  cells  (o).  ccUi  having  a  brown  content  (qu).  celli  contaioina  etheroal  oil  (p).  brawn 
clone  cells  (St>  «-ith  very  thick  inner  wall*,  ami  perisperm  ie),  the  cclU  of  which  contain 
numcToua  atnall  staicb  grains  and  usuoHy  a  pair  ol  imall  crystals  wbicb  may  be  seen  un 
trcatidg  Mctiona  with  cbloimL — A,  after  Meyer;  B,  after  Modler. 


sometimes  sulphurous  acid  or  steam  beings  also  used,  after  which 
they  are  dried  and  freed  from  extraneous  matter.  Seeds  which 
have  been  discharged  from  the  capsules  are  inferior  lo  those 
which  have  been  retainwl.  A  greater  |iortion  goes  to  Romhay, 
from  where  it  is  estimated  that  loo.ooo  kilograms  arc  exjwrtcd 
yearly  to  T-ondon.  The  commercial  varieties  are  known  as  Mala- 
bar and  Mysore  Cardamom. 

M.M,ABAR      Cahuamom. — Capsulc      loculicidally      dehiscent, 
broadly  ellipsoidal,  occasionally  ovoid,  more  or  less  triangular  in 
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transverse  section,  lo  to  17  mm.  long,  6  to  8  mm.  in  diameter, 
pericarp  about  0.5  mm.  thick;  externally  light  brown  or  faintly 
pink,  aj>cx  slightly  bcakcil,  and  witli  remnants  of  style,  base 
rounded,  with  scar  of  stalk,  longitudinally  striate,  3-grooved, 
^-valvcd,  3-locular,  dissepiments  thin;  seeds  15  to  18  in  num- 
ber, anatropous,  irregularly  angular,  enclosed  in  a  thin  mem- 
branous aril,  about  3  mm.  long,  externally  dark  reddish -brown, 
deeply  wrinkled,  embryo  small,  straight,  enrlosperm  ami  jjeri- 
sperm  distinct;  odor  aromatic;  taste  aromatic,  pungent  (Fig- 
go,C). 

MYSf>RE  CARnAMOM. — 0\'oifl,  somewhat  oblong,  white  or  very 
light  brown,  12  to  20  mm.  long.  7  to  9  mm.  in  diameter,  nearly 
smooth  or  faintly  striate  longitudinally;  seeds  9  to  12,  and  less 
pungent  than  those  of  Malabar  Cardamom. 

I.NNEH  Structure. — See  Fig.  253. 

Constituents. — Volatile  oil  4  to  5  per  cent.,  with  a  pene- 
trating but  agreeable  odor  and  a  camphoraccous.  burning  taste; 
fixed  oil  10  per  cent.;  starch  about  3  per  cent.;  calcimn  oxalate; 
ash  4  to  6  per  cent.  Tlie  pericarp  contains  about  0.2  per  cent, 
of  a  volatile  oil. 

Ai-LiED  Pi-ANTS. — Ceylon  Cardamom  is  obtained  from  wild 
plants  of  Eleliaria  major.  The  capsules  are  2  to  4  cm.  long  and 
about  10  mm.  in  diameter,  distinctly  triangular  in  transverse 
section,  deeply  striate  longitudinally  and  slightly  pubescent-  In 
each  loculus  there  are  about  20  seeds,  which  are  about  4  mm.  long, 
bitter  and  less  aromatic  than  the  official  cardamom. 

The  so-called  bastard  cardamoms  are  yielded  by  one  or  more 
species  of  Amonnmi,  but  these  rarely  find  tlieir  way  to  market. 

HUMULUS.— HOP.S.— The  fruit  of  Humufus  Lupulus 
(Fam.  Moracese),  a  perennial  herbaceous  climber  (Fig.  136), 
indigenous  lo  Europe.  Asia  and  North  America,  and  extensively 
cultivated  in  England.  Germany  and  various  parts  of  the  United 
Slates.  South  America  and  Australia,  where  it  is  also  naturalized 
(p.  255).  Hops  are  collected  in  September,  when  they  are  ripe, 
carcfull)'  dried  by  means  of  artificial  heat,  and  packed  into  bales 
or  sent  loose  into  cotunu-rcc.  They  are  sometimes  treated  with 
sulphur  dioxide  to  improve  the  color  and  to  prevent  cliange  of  the 
active  principles.     The  development  of  the  odor  of  valerianic 
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acid  is  said  to  be  prevented  by  sprinkling  the  liops  with  a  small 
quantity  of  alcohol  before  packinj^  them.  Hops  lose  their  active 
properties  on  keeping. 

DtiCKiPTioN. — Cone-Iikc,  flattened,  oblong  or  ovoid,  2  to  3 
cm.  long.  1.5  to  2  cm.  wide,  about  7  mm.  thick,  consisting  of  a 
shar^i-undulate  rachis  and  about  50  membranous  bracts,  the  lat- 
ter distinctly  veined,  light  green  or  browiiisli -green,  glandular- 
hairy,  entire,  10  to  14  mm.  long,  7  to  ti  mm.  broad,  with  acute 
apex  antl  rounded  base,  frequently  infolded  on  one  side  and  en- 
closing a  sub-globular,  light-brown,  very  glandular  akene;  the 
seed  with  two  flat,  spirally  coiled  cotyledons  and  without  a  reserve 
layer ;  odor  aromatic :  taste  bitter. 

Co.NSTiTUE.N'TS. — \*oIati!e  oil  about  0.7  per  cent.,  of  which  60 
to  70  per  cent,  is  humulene;  a  crystalline,  bitter  principle,  lupa- 
maric  acid;  tannin  4  to  5  per  cent.:  resin  10  to  18  |wr  cent.; 
asparagin,  about  l  per  cent.;  triniethylaminc;  choline  or  lupu- 
line;  malic  and  citric  acids,  chiefly  in  the  form  of  salts;  calcium 
oxalate,  and  ash  alxiul  10  per  cent. 

COLOCYN'THIS.— IllTTHR  .\PPLE.— The  fniit  of  CfV- 
ruUus  Colocynthis  (Fam.  Cucurhitacejc).  a  i>crennial  herbaceous 
vine  (p.  386),  indigenous  to  warm,  dry  regions  of  .Africa  and 
Asia,  and  cultivated  in  the  northwestern  provinces  of  India  and 
the  countries  bordering  the  Mediterranean.  The  fruit  is  col- 
Iecte<l  in  autumn  when  ripe,  and  after  removal  of  the  epicarp  by 
paring,  is  quickly  dried  in  the  sun  or  by  artificial  means.  The 
commercial  supplies  are  obtained  from  Turkey  and  Spain,  the 
finer  grade  coming  from  Turkey.  The  seeds  should  Ix"  removed 
from  the  pulp  before  it  Is  used. 

Desckiition. — Berry  nearly  globular,  6  to  7  cm.  in  diam- 
eter (Fig.  254);  light;  externally  yellowish-white;  internally, 
with  three  longitudinal,  somewhat  elliptical  fissures  8  to  14  mm. 
wide;  seeds  numerous,  ovoid,  compressed,  yellowish-green,  and 
borne  on  the  divided  parietal  placentas  between  the  fissures;  odor 
slight;  taste  very  bitter. 

CoN-RTrxuEKTS. — A  bitter  gUicoside.  colocynthin,  0.2  lo  0.5 
per  cent.,  which  may  be  cptstallized  but  usually  is  obtained  as  an 
amorphous  powder  that  is  inflammable,  soluble  in  water  and  alco- 
hol, and  yields  upon  hydrolysis  colocynthein ;  a  tasteless  resin. 


CRUDE  DRUGS. 


585 


colocynthitin,  which  occurs  in  small,  white  prisms;  fixed  oil  in 
palp  about  3  per  cent.,  and  in  seeds  about  15  per  cciiL;  ash  about 
10  per  cent,  in  pulp  and  abuut  3  per  cent,  in  tile  seeds. 

Atiempts  have  been  made  to  grow  ColocjTith  in  England  and 
in  New  Mexico.  The  fniiis  arc  much  larger  iJian  the  official, 
and  while  very  bitter  ap|xar  to  be  less  active  than  the  fruits 
obtained  I'roni  wild  plants. 

CASSIA  FISTULA.— PURGING  CASSIA.— ITic  ripe  fruit 
of  Cassia  Fistula  (.Fam.  Lcguminosae),  a  tree  (p.  293)  indig- 
enous to  India,  and  naturalized  in  tropical  .\frica.  South  Amer- 
ica and  the  West  Indies.  The  principal  supply  of  the  drug  uscJd 
in  this  cotmlry  conies  from  tropical  America. 

DKsa*ifTiuN. — Legume  straight,  manylocnlar,  indehtsccnt, 
cylindrical.  25  I0  50  cm,  long,  15  to  20  mm.  in  diameter;  exter- 
nally red*Iish-brown,  apex  acute  or  acuminate,  base  rounded, 
sometimes  with  a  woody  pedicel  about  15  mm.  long  and  4  mm. 
in  diameter,  smooth,  shiny,  transversely  striate,  on  one  side  a 
longitudinal  groove  (the  ventral  suture),  and  on  the  other  a 
smooth  line  or  slight  ridge  (the  dorsal  suture);  fwricarp  hard 
and  woody:  internally  divided  by  transverse  partitions  into 
numerous  compartments  about  5  mm.  long,  each  containing  a 
brownish-black  pulp  and  a  single  seed;  seed  anatropous,  ovoid, 
compressed,  about  8  mm.  long,  6  mm.  wide.  4  mm.  thick,  liglit 
brown,  the  raphe  as  a  distinct  Hnc  on  one  of  the  compressed 
sides,  internally  light  yellow,  cmbrjo  curved  and  embcddetl  in 
the  endosperm;  odor  of  pulp  distinct,  pnuie-like:   taste  sweet. 

Constituents. — The  fruit  yields  about  30  jxrr  cent,  of  pulp. 
which  contains  40  to  60  jx-r  cent,  of  sugar.  The  drug  appar- 
ently docs  not  owe  its  laxative  properties  to  any  of  the  authra- 
quinone  <Icrivativcs  found  in  senna  and  related  plants. 

Alxied  Plants. — The  legumes  of  related  species  of  Cassia 
found  in  tropical  America  arc  similar  to  those  of  Cassia  Fistula. 
and  are  also  used  in  medicine. 

VANILLA. — The  fruit  of  Vanilla  planifolia  (Fam.  Orchid- 
aceae),  a  perennial  climlwr  (Fig.  133)  indigenous  to  Eastern  Mex- 
ico, and  now  cultivated  tp.  245)  in  various  tropical  islands, 
including  the  Seychelles,  Mauritius.  Java,  as  well  as  in  the  prov- 
inces of  Vera  Cruz  and  Oaxaca,  in  Mexico,  from  whence  the  best 
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fruit  is  derived.  Most  of  the  vanilla  used  in  the  United  Stales 
comes  from  Mexico.  Some  of  the  Reunion  (or  Bourbon)  fruit 
is  now  also  entering  the  market.  For  method  of  curing  the  fruit 
see  p.  345. 

Mexican  Vanuxa. — Pods  narrow,  linear,  about  20  cm.  long, 
7  mm.  in  diameter,  4  mm.  thick :  apex  oblique,  with  a  circular 
scar;  base  curved  or  bent,  with  a  slightly  enlarged  circular  scar; 
externally  blackish-brown,  longitudinally  wrinkled,  nwist,  glossy, 
someiirnes  with  acicular.  crystals  or  monoclinic  prisms ;  pericarp 
about  I  mm.  tliick ;  internally  dark  brown,  i-locular.  with  immer- 
ous  seeds  embedded  in  a  dark-colored  pulp :  seeds  anatropous, 
ovoid,  flattened,  0.2  to  0.3  mm.  in  diameter,  black,  finely  retic- 
ulate, reserve  layers  wanting,  embryo  shrunken ;  odor  and  taste 
distinct. 

BouRBox  Vaniij-a  resembles  the  Mexican  Vanilla,  but  is 
about  two-thirds  as  long  ami  the  outer  surface  is  usually  covered 
with  crystals. 

Inner  Structure. — See  Figs.  256.  313. 

Constituents. — An  odorous  crystalline  principle,  vanillin, 
from  1.5  to  3  per  cent. :  an  odorous,  balsamic  or  resinous  prin- 
ciple, which  is  dcvelope<I  during  the  process  of  curing  and  to 
which  the  peculiar  odor  of  vanilla  is  due:  sugar  about  lo  per 
cent. ;  fixed  oil  about  10  per  cent. ;  calcium  oxalate  in  raphides ; 
ash  about  5  per  cent. 

Vanillin  or  methyl  prolocatechuic  aldehyde  is  manufactured 
on  a  large  scale  from  cugenol  or  coniferin.  It  occurs  in  white, 
acicular  crystals,  which  are  sparingly  soluble  in  water,  soluble 
in  aclohol  and  glycerin,  the  solutions  being  colored  blue  with 
ferric  chloride.  \'anil!in  may  be  formed  as  a  result  of  certain 
oxidation  changes  rather  than  through  the  action  of  a  ferment 
like  enndsin  which,  as  has  been  recently  shown,  docs  not  exist  in 
the  fresh  pods. 

The  fruits  of  a  numljer  of  species  of  \'ani!la  yield  vanillin, 
which  is  also  found  in  the  Orchi<l  Sclenif*edium  Chica.  of  Pan- 
ama; the  fruit  of  Rosa  canitia.  of  Northern  and  Mid<lle  Europe; 
the  flowers  of  Sf^irtra  UhnariA;  the  balsams  and  ^esins  of  the 
genus  Toluifera;  in  the  seeds  of  Lupinus  albns,  of  Europe,  which 
is  cultivated ;  and  in  the  bulbs  of  Dahlia. 
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Commercial  Vahieties. — In  addition  to  the  Mexican  and 
Bourbon  beans  other  varieties  are  found  in  the  market.  Mau- 
ritius Vanilla  occurs  in  cylindrical  po<Ls  that  arc  nearly  as  long- 
as  the   Mexican   %'ariety.  but  paler  in  color  and   less  odorous. 


ir. 


— » 


^ 


Pio.  »s6.  VaoiU»:  3.  tmuvcru  teciion  of  an  unripe  (mil  thowitm  Unas  of  unkn 
of  the  three  carpcij  (■.  b,  c),  line  of  d«hi»ccnce(D).  pljumita  <l}.  teed*  IS),  fibroTBAculAT 
bundle  (g>.  pAptlls  (P).  1.  ratlinl-lontfiludtnal  tcction  of  the  uutrr  part  o(  the  pericarp 
chowing  epidtrmi«  (E).  and  parenchyma  crUi  with  oblique  porei  (v>.  t,  taneentUI- 
longfiudinal  sijcticw  of  tlie  <ji.iii.-r  part  of  the  pericorp  showing  o^llii  wiih  obhque  pons  (v) 
uul  iplrallv  thtckencd  bands  (Sp).  4,  inner  layer  nf  the  pericarp  HhowinK  the  very  lone 
■Impjc  hain  or  pa^lc  soon  at  P  io  No.  3. — Aft«r  Meyer. 

Tahiti  Vanilla,  which  is  produced  on  the  Island  of  Tahiti  and 
ihe  Hawaiian  Islands,  occurs  ifl  somewhat  liroader.  flattened 
pods.  The  jxkU  are  nearly  as  lonp  as  the  Mexican  variety  and 
sharply  attenuated  and  twisted  at  the  lower  portion.    The  color 
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is  reddish-brown  and  the  odor  is  disagreeable,  undtting  it  for 
use  for  flavoring.  Vanillons  are  the  fruits  of  wild  plants  and 
arc  used  in  the  manufacture  of  toliacco  and  sachet  powders. 
They  art-  lo  to  12  an.  long,  1.5  tu  2.5  cm.  in  diannrlcr,  gradually 
tapering  towards  each  end,  somewhat  triangular  in  outline,  exter- 
nally dark-hrown  lo  reildish-brown,  frequently  with  transverse 
markings,  due  to  their  Inring  wrapjx-d  with  twine  during  the 
process  of  curing,  when  they  are  spoken  of  as  "braided,"  and 
generally  longitudinally  split ;  the  odor  is  peculiar,  somewhat 
resembling  "  heliotrope."  anti  is  tluc  to  the  phenol  aldehyde  heliu- 
tropin  (i)ii>eronal)  which  is  dosdy  related  to  vanillin. 

PoMi'o.NA  Vanilla  is  the  fruit  of  wild  and  cultivated  plants  of 
P'anilh  l>oml*ona,  which  is  considered  lo  lie  ihe  origiual  plant 
from  which  y.  ptatiifolia  has  been  derived  by  cultivation.  The 
fruits  resemble  the  vanillons  in  appearance,  but  the  odor  is  dis- 
agreeable, like  that  of  Tahiti  \'anilla. 

Vanilla  splits  and  cuts  represent  the  more  mature  fruits  in 
which  dehiscence  has  taken  place  and  which  are  cut  up  into 
short  lengths. 

Tonka  seeds  contain  the  odorous  principle  coumarin,  which 
somewhat  resembles  vanillin.  The  ripe  seeds  of  Counujrouna 
odorata  ( Fam.  l-eguminosse).  growing  in  the  nonhcrn  part  of 
the  Amazon  region,  furnish  Dutch  tonka,  and  C.  oppositifolia, 
of  Northern  Brazil  and  Guiana,  yields  the  English  tonka.  Tlic 
seeds  are  oblong-ovoid,  somewhat  flalteiK'd.  3  to  4  cm.  long  and 
about  I  cm.  wide,  externally  nearly  black,  frequently  with  numer- 
ous white  crystals,  the  coriaceous  testa  being  deeply  wrinkle<l; 
internally  yellowish-brown,  consisting  of  two  plano-convex  coty- 
ledons, enclosing  a  plumule  with  two  pinnately-compound  leaves 
and  a  fleshy  radicle  which  is  directe<I  towards  the  micropyle  sit- 
uated at  the  rounded  end  of  the  seed  :  the  odor  is  fragrant,  and 
the  taste  aromatic  and  somewhat  pungent.  Tonka  sec<ls  contain 
1.5  to  3  per  cent,  of  coi'marin  or  ortho-oxyctnnamic  anhydride, 
which  forms  colorless  prisms  having  a  fragrant  o<lor  and  a  bitter, 
aromatic  taste.  Coumarin  is  sparingly  soluble  in  water,  but  quite 
so  in  alcohol.  Tonka  also  contains  a  large  quantity  of  a  fixed  oil, 
irregularly  dongated  aleuronc  grains  10  to  35  fi  long,  and  spher- 
ical starch  grains  from  4  to  9  ^  in  diameter. 
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Coumarin  is  rather  widely  distributed  in  nature.  Of  the 
plants  in  which  il  has  been  found  the  following  itiay  be  men- 
tioned: Vanilla  grass  or  sweet  vernal  grass  {Anlhoxattthum 
odoratum)  ;  Carolina  vanilla  or  dog's  tongue  {Trilisa  odoratis' 
sima),  one  of  the  Compositae;  the  yellow  melilot  {Melilohts 
ofHcinalis),  a  leguminous  herb  found  in  waste  places  in  the  East- 
ern United  States  and  in  which  it  occurs  free  as  well  as  com- 
bined with  niclilolic  acid ;  other  species  of  Mclilohis,  as  well  as 
in  other  genera  of  the  Leguniinosae ;  sweet-scented  bed  straw 
{Galium  triHontm),  an  herb  of  tlie  Rubiaceae  growing  in  the 
United  Slates;  the  rhizome  of  I'ilis  scssiHfoHa  (Vitacea)  of 
lirazil,  a(id  in  Prunus  Mahalcb  ( Fam.  Rosaceae),  of  Europe. 

A  number  of  the  orchids  contain  couraarin,  and  these  belong 
chitrfly  to  the  genus  Orchis,  as  Orchis  odoratissivut,  of  Europe; 
0.  coriuphora,  of  Europe  and  the  Orient;  O.  Simiu,  of  Europe 
and  the  Orient;  0.  militan's,  of  Europe  and  Asia;  Hahcnaria 
conof>sea,  of  Euroi>e  and  Asia ;  Aceras  anthropophora^  of  Europe 
and  Arabia. 

FICUS.— FIG. — The  fruit  of  Ficus  Corica  (Fam.  Moracea), 
a  tree  indigenous  to  Persia  and  cultivated  in  most  sub-tropical 
and  tropical  countries.  The  fniit  is  collected  when  ripe,  par- 
tially dried  in  the  sim.  and  tightly  packed  in  boxes  (p.  255). 

Description*. — Syconium  pyriform  or  obovoid,  usually  com- 
pressed, about  6  cm.  long  and  1.5  cm.  in  diameter;  extemally 
light  brown,  longitudinally  veined,  wrinkled,  frequently  with  an 
efflorescence  of  grape  sugar,  apex  with  a  small  scaly  orifice,  base 
with  a  scar  or  slalk  about  7  mm.  long  and  4  mm.  thick,  and  also 
with  a  leaf-remnant ;  torus  hollow,  the  walls  a  to  3  mm,  thick, 
coriaceous,  tough,  the  inner  portion  with  numerous  lanceolate 
divisions,  upon  which  are  borne  numerous  ovoid,  brownish-yellow, 
glossy  akenes  about  i  mm.  in  diameter,  the  latter  with  a  reserve 
layer  and  a  curved  embryo;  odor  distinct,  fruit-like;  taste  sweet. 

C0N.STITUENTS. — Grape  sugar  50  to  60  per  cent.;  about  1.5 
per  cent,  of  fat  in  the  form  of  oily  globules  found  in  the  milk- 
vessels;  starch  in  the  form  of  spherical  grains;  water  about  30 
per  cent,  in  the  partially  rlried  fruit. 

Alueo  Pl.\nts. — Other  species  of  Ficus  also  yield  edible 
figs,  as  the  mulberry  fig  tree   (F.  Sycotnorus),  of  Africa;  F. 
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regligwsa,  of  India;  F.  glottterata,  of  Bunnah;  the  false  banyan 
tree,  F.  bengaknsis,  of  tropical  Africa  and  India;  and  F.  Rum- 
phii,  of  Asia. 

A  peptunizing  ferment  is  obtained  from  the  milk-juice  of 
Ficvs  Carica,  F.  Sycomorus,  of  Africa,  and  F.  exima,  of  Brazil. 

When  figs  are  dried,  roasted  and  ground  they  form  a  coffee 
substitute  kown  as  Fig  Coffee,  which  is  also  used  sometimes  as 
an  adulterant  of  coffee.  It  is  dectcctcd  by  the  large,  thin-walled 
and  broad  non-g!andular  hairs  of  die  outer  epidermis ;  the  broad 
latex-tubes,  30  to  50  fi  wide,  and  the  small  akcnes.  The  latter 
somewhat  resemble  the  akenes  of  strawbern.*  fruits,  but  arc  dis- 
tinguished bv  the  reticulated  thickening  of  the  outer  cell-wall. 

AURANTll  DULCIS  CORTEX.— SWEET  OR,\NGE 
PEEL. — The  outer  layer  of  the  rind  of  the  fresh  fruit  of  Citrus 
Auranthni  sinensis  (Earn.  Rutaccne),  a  tree  (Fig.  158)  exten- 
sively cultivated  in  sub-tropical  countries  and  warm-temperate 
regions  (p.  306).  TTie  outer  yellowish  layer  is  the  part  employed, 
and  is  usually  removed  from  the  fruit  by  grating.  The  dried 
rind  is  an  article  of  commerce. 

Descrii'TION.— Cut  into  small  pieces  or  shreds,  externally 
orange- yellow,  with  numerous  circular  depressions  and  numerous 
large  oil-secrelion  reservoirs ;  texture  coriacet>us,  tough ;  soft 
when  fresh :  odor  aromatic ;  taste  slightly  bitter. 

.  Constituents. — Resembling  those  of  bitter  orange  peel, 
except  that  there  is  but  a  very  small  quantity  of  the  bitter  prin- 
ciple. The  volatile  oil  which  exists  in  large  reservoirs  beneath 
the  ei)iclcrmis  i.s  ohtainerl  by  expression  from  the  fresh  peel  and  is 
official.  It  consists  of  about  90  per  cent,  of  d-limonene  and  5  per 
cent,  of  citral.  citronellal  and  the  mcUivl  ester  of  anthranvHc  acid. 

LIMO.N'IS  CORTEX.— lemon'  PEEL.— The  rind  of  the 
fresh  fruit  of  Citrus  medica  Limomim  (Fam.  Rutaceae),  a  tree 
(p.  508)  indigenous  to  Northern  India  and  cuUivate<l  in  the 
European  countries  bordering  the  Mediterranean,  the  West  Indies 
and  other  tropical  and  sub-tropical  countries.  The  outer  yel- 
lowish layer  is  the  part  used  and  it  is  removed  by  grating, 

Descrii'TION. — In  freshly  grated.  lemon-yeHow  fragments, 
with  numerous  large  oil-secretion  reservoirs  and  oil-globules ; 
odor  aromatic;  taste  aromatic  and  slightly  bitter. 
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Constituents.-- Volatile  oil;  a  very  small  quantity  of  hcs- 
peridin  and  other  bitter  principles  (see  bitter  orange  jjeel ) ;  a 
principle  resembling  tannin;  calcium  oxalate;  ash  about  4  per 
cent.  The  volatile  oil  obtained  by  expression  from  fresh  lemon 
peel  consists  of  go  per  cent,  d-limonene ;  7  to  10  per  cent,  of  citral, 
which  is  the  most  important  amstituent;  and  a  small  quantity 
of  citroncllal.  geranyl  acetate,  pinene,  teqjineol,  methyl  hcptenone, 
a  sesquiterjjene  and  octyl  and  nonyl  a!dchv<ics. 

AURANTII  AMARI  CORTEX.— BITTER  ORANGE 
PEEL. — The  rind  of  the  unripe  fruit  of  Citrus  Aurantium  amara 
(Earn.  Rutaceie).  a  tree  (Kig.  158)  indigenous  to  Northern 
India  and  cultivated  in  the  Mediterranean  region,  the  West  Indies 
and  the  States  l)ordering  on  the  Gulf  of  Mexico  (p.  306).  The 
fruit  is  collected  before  it  is  ripe,  the  rind  removed  and  used  either 
in  the  fresh  or  dried  condition.  The  conuncrcial  article  is 
obtainc<i  froir]  Malta,  Sicily  and  Spain. 

Description. — Usually  cut  longitudinally  into  quarters;  ellip- 
tical, acute  at  both  ends.  4  to  6  cm.  long.  2  to  3  an.  wide.  2  to  6 
nun.  thick ;  uxiernally  yellowish  or  brownish-green,  with  numer- 
ous circular  depressions,  a  scar  at  one  end  and  occasionally  the 
remains  of  the  calyx;  internally  light  yellowish-brown,  wrinkled, 
with  numerous  conical  projections  and  numerous  large  oil-secre- 
tion reservoirs;  fracture  short,  tough,  surface  porous;  odor  aro- 
matic; taste  aromatic  and  bitter. 

Occasionally  in  rit)bon-likc  Irands  2  to  12  cm.  long,  5  to  10 
mm.  wide,  aI>out  2  mm.  thick ;  externally  yellowish-brown. 

Constituents. — Volatile  oil,  resembling  that  of  sweet  orange 
peel  but  with  a  superior  flavor  and  a  bitter  taste ;  several  hitler 
principles:  (a)  AirRANTiAMARiN  (1.5  to  2.5  per  cent.),  an  amor- 
phous, bitter  glucoside,  to  which  the  bitter  taste  is  chiefly  due; 
(b)  AURANTiAMARic  ACU)  (o.i  per  cent.),  a  ver\'  bitter,  green, 
amorphous,  resinous  principle;  (c)  naringin  (aurantiin),  a 
yeUowish.  cr^'stalline,  bitter  glucoside;  (d)  isohesperidin  (04 
to  3  per  cent.),  a  slightly  bitter  glucoside.  The  drug  also  con- 
tains 5  to  8  per  cent,  of  a  white,  crystalline,  tasteless  glucoside 
HKSPERinrN,  which  separates  in  sphere-crystals  on  placing  the 
fresh  fniit  in  alcohol.  Hcsperidin  is  colored  reddish-brown  with 
ferric  chloride  and  on  hydrolysis  yields  a  sweet  principle  hes[>ere- 
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tin,  which  crystallizes  in  prisms.  A  fixe.I  oil,  resin,  and  a  prin- 
ciple resembling  tannin ;  calcium  oxalate,  in  the  form  of  rhombo- 
hedral  crystals ;  and  ash  about  5  per  cent,  are  also  present. 

Allied  Dkugs. — The  immaiure  fruits  of  Citrus  Aurantinm  are 
sometimes  collected  and  arc  known  as  orange  berries.  They  are 
nearly  globular;  5  to  20  mm.  in  diameter,  greenish  or  brownish- 
black,  granular  rugose;  the  internal  structure  resembles  that  of 
orange  fruits,  but  the  seeds  are  rudimentary;  and  the  taste  is 
aromatic  and  bitter. 


Fig  >56«.  Tamarituius  indica:  A.  tlowcrinfl  braitch  with  pftriptntuito  toavea;  B, 
dower  bud;  C,  dorHtvcntml  (irregular)  flower;  D,  longltudltul  Mctlon  of  llowtr  showins 
unikwular  ovary:  R,  somcwlut  cur\-«d.  tndcfaiscvnt  tegume;  F,  G,  trasavcne  and  loagi- 
tudlnal  tcctioiu  of  the  Kcd. — After  Taubert. 


TAMARINDUS.— TAMARIND.^Hic  preser^'ed  pulp  of 
the  ripe  fruit  of  Tamorindus  iitdica  (Fam.  Leguminosse).  a  tree 
fFig.  256a)  indigenous  to  tropical  Africa  and  cultivated  in  the 
West  and  East  Indies  (p.  294)  from  whence  tlie  two  chief 
commercial  varieties  are  obtained. 

WiiST  Indian  Tamarini^^ — L'sually  a  blackish -brown  mass, 
with  a  distinct  odor  and  strongly  acidulous,  sweet  taste,  and  in 
which  are  embedded  numerous  seeds  enclosed  in  a  loose,  tough 
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membrane;  seeds  anatropous,  oblong  or  flattcned-quadrangular, 
12  to  14  mm.  long,  8  to  n  mm.  broad,  5  to  7  mm.  thick,  dark 
reddish-brown,  smooth,  one  edge  furrowed,  transversely  striate, 
very  hard ;  cotyledons  plano-convex. 

East  Indian  Tamarind. — In  blackish  cakes,  containing  less 
sugar  and  more  add. 

Constituents. — Tartaric  acid  5  to  9  per  cent.;  citric  acid  3 
to  6  per  cent. :  potassium  bitartrate  6  to  7.3  ^>er  cent.,  and  other 
salts  of  organic  acids;  invert  sugar  32  to  42  per  cent. ;  tannin  (in 
the  seed -coats). 

Allied  Plants. — The  pulp  of  the  fruits  of  several  species  of 
Nephelium  (Fam.  Sapindaceae).  of  Soulbcrn  China,  resembles 
tamarind. 

LUPULINUM.— LUPL'LIN.— A  powder  separated  frdm 
Hops  (sec  Humulus),  and  consisting  diicfly  of  tl»c  glandular 
hairs.  Lupulin  may  be  systematically  scjaratcd  from  the  hops, 
or  it  may  be  obtained  as  a  by-product  during  the  handling  of  the 
hops.  Commercial  lupulin  consists  fur  the  most  part  of  sweep- 
ings collected  where  hops  are  prepared  for  the  market,  the  extra- 
neous matter  lieing  removed  by  sifting  and  washing.  The  pow- 
der is  then  carefully  dried  and  preserved. 

Description. — Granular,  yellowish-  or  reddish-brown,  con- 
sisting of  glandular  hairs  with  a  somewhat  globular  or  cllipi^oidal, 
bright-yellow,  multicellular  head  o.i  to  0.3  mm.  in  diameter 
(Figs.  136,  J ;  298) ;  odor  aromatic;  taste  aromatic  and  bitter. 

Not  less  than  60  per  cent,  of  hipuHn  should  be  soluble  in 
ether,  and  the  ash  should  not  be  more  than  10  per  cent. 

Constituents. — A  volatile  oil,  identical  with  that  of  hops, 
about  3  per  cent. ;  a  crystalline  bitter  principle  Uipamaric  acid 
(hop  bitter),  which  becomes  yellow  an  exposure  to  air  and  on 
hydrolysis  yields  lujmliretin  and  a  crystalline  substance  lupulic 
acid ;  a  tasteless  resin ;  myricin ;  valerianic  acid,  which  together 
wilh  the  oil  is  obtained  nn  the  distillation  of  lupulin  with  water; 
and  ash  from  3  to  5  per  cent. 

Tlie  volatile  oil  of  hops  or  lupulin  is  sparingly  soluble  in  alco- 
hol and  is  not  converted  into  valerianic  acid  by  means  of  oxidizing 
agents.  This  acid  is,  however,  pro«luced  upon  treating  the  extract 
of  hops  with  potassium  permanganate. 
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VI.      LEAVES   AND    HERBS. 

Some  of  the  most  valuable  and  potent  vegetable  drugs  arc 
those  furnishc<l  by  leaves  and  herbs.  In  quite  a  number  of 
instances  the  leaves  alone  arc  collected;  not  infrequently,  as  with 
herbaceous  plants,  the  leaves,  together  with  the  flowering  and 
fruiting  tops,  are  collected;  rarely,  however,  are  the  tops  alone 
employed ;  occasionally  the  drug  may  consist  of  the  entire  plant. 
It  may  be  noted  in  tliis  connection  that  some  of  the  so-called  leaf- 
drugs,  as  belladonna,  hyoscyamus  and  stramonium,  may  contain 
the  tops  of  the  plants  as  well,  and  some  of  the  commercial  herbs, 
as  lobelia,  may  consist  entirely  of  leaves. 


KEY  FOR  THE  STUDY  OF  LEAVES  AND  HERBS. 

I,  Leaves. 

1.  Whole  Leaves. 

A.  Texture  coriaceous. 

a.  Margin  entire. 
a  Glandular-punctate. 

Apex   emnrginate Pilocarpus 

Scythe-shaped Eucalyptus 

fi  Not  glandular-punciate. 

Apex   obtuse Uva   yrsi 

b.  Margin  dentate  or  serrate. 

Glandular-punctate Buchu 

Not  glandular-punctate , Chitnaphila 

B.  Teslure  not  coriaceous. 

a.  Margin   entire. 

Not  less  than  15  mm.  broad Coca 

Not  more  than  15  mm.  broad Senna 

b.  Margin  not  entire. 

Margin    sinuate. ..»..•« .•  ..Hamameiis 

Margin    crcnulate ..*.-.,. Salvia 

2.  Leaves  crumpled  or  in  broken  fragments. 

A.  Texhtrc  coriaceous. 
Upper  surface  re&inous Enodictyon 

B.  Texture  nut  coriaceous, 
a.  Hairy. 

Surface  reticulate,  veins  whitish.. ........... .Digitali.« 

Surface  reticulate,  veins  brownish. Matico 

Surface  not  reticulate Hyoscyamus 
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I.  Leaves. — Continued. 

b.  Not  very  hairy. 

Margfin  entire Belladonnx  Folia 

Margin  sinuate Stramonii  Folia 

II.  Leaves  and  Flowering  Tops. 

1.  With  composite  flowers. 

Leaves  reticulate Eupatorium 

Leaves  resinous Grindelia 

2.  With  labiate  flowers. 

A.  Very  hairy. 

Taste  bitter Marrubium 

B.  Not  very  hairy, 

a.  Margin  slightly  serrate. 

Leaves  dark  green,  pubescent Hedeoma 

b.  Margin  serrate,  midrib  and  veins 

somewhat  rose-  or  purple-colored. 
Taste  aromatic,  followed  by  a 

cooling    sensation Mentha  Piperita 

Taste   aromatic Mentha  Viridis 

3.  Odor  heavy,  like  that  of  tobacco. 

A.  Margin  entire. 

Purplish  flowers,  brownish  berries Belladonnx  Folia 

B.  Margin  not  entire. 

Margin  sinuate,  surface  hairy Hyoscyamus 

Petiolate,  margin   four-lobed, 

surface  not  hairy Stramonii  Folta 

4.  With  inflated  capsules. 

Leaf  divisions  with  gland-like  apex Lobelia 

III.  Flowering  Tops,  leaves  few. 

Compressed  resinous  masses Cannabis  Indica 

IV.  Stem  Tops,  leaves  few. 

Branches  with  yellowish -green  wings Scoparius 

V.  Entire  Plant. 

Stems  cylindrical,  leaves  entire,  capsule  bicarpellary Chirata 

Stems  square,  leaves  serrate,  flowers  bilabiate Scutellaria 


PILOCARPUS.— JARORAN'DL— The  leaflets  of  various 
species  of  Pilocarpus  (Fam.  Rutaceic).  siirubs  (Fig.  157)  indig- 
enous to  Brazil.  There  are  tlirec  jirincipal  commercial  varieties: 
(i)    Pernambuco  Jaborandi,  obtained   from  F.   Jaborandi;    (2) 
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Paraguay  Jaborandi,  yielded  by  P.  pinnatifoHns,  and  (3)  Maran- 
ham  Jaborandi,  obtained  from  P.  microphytlus.  The  name,  jabor- 
andi»  is  applied  to  a  niiniber  of  other  plants  growing  in  Brazil 
besides  those  of  the  genus  Pilocarpus  (p.  305). 


Sf 


<: 


* 
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Pio.  JST-  Piioearput  pinnatifotius:  A,  tfansve«c  section  of  lamina  showiot  uppar 
epii]«rmia  <B),  oil  gUnd  (Se),  paliude  cella  (P).  •omc  of  which  cunl«in  rosrtie  aKsrcgBtea 
of  calcium  oxaUte.  too*e  i«rcnchyina  (m).  some  of  thr  ctl\*  of  which  rnntain  calduoi 
Dxalate  (o),  and  lowiir  e(ndennb  with  *  stonM  (Sp).  B,  surface  virw  of  eptd«rmis  •howinA 
tuMoI  portion  oi  a  non -aland ulor  hair  (h).  Th«  rmiams  of  hain  are  often  fattnd,  the  hair* 
themselves  havitiK  been  nibbc<I  ofl.  C,  view  of  tbe  under  lurface  of  the  lamina  showinR 
Bbomata  (sp).  D,  diaBrmm  showing  the  arransementft  of  the  liisiies  in  one  of  the  Mcondary 
veins:  P.  [wliiHde  nVL*.  m.  looic  iiarcncbyma;  3c,  iclermchymB ;  s,  sieve;  «.  tracheir. 
B,  tnutsverse  section  of  the  primary  or  middle  vein  nhowinft  palisade  cells  (Pi,  elonsatod 
parenchyma  (p),  oil  Rlands  tScl,  «i«»'o  (*).  trachcK  (g).  which  sunounJe  parenchyma  (m). 
thus  distintnilshlog  it  from  th«  Koondary  vein.  P.  surface  view  of  upper  epldcnniB  of 
Lamina. — After  Uoyer. 

Pernambuco  Jaboranoi.— Elliptical,  lanceolate  or  ohlong- 
lanceolate.  6  to  12  cm.  lonp.  1.5  to  4  cm.  broad;  apex  ohtiisc, 
more  or  less  cmarginate;  base  rounded  or  ac\ite.  unequal ;  margin 
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entire,  slightly  revolute ;  upper  surface  dark  green  or  brownish- 
green,  glabrous,  midrib  more  or  less  depressed  near  the  apex,  veins 
of  the  first  order  prominent,  diverging  at  an  angle  of  35°  to  50" 
and  uniting  with  each  other  near  the  margin;  under  surface 
yellowish-  or  green ish-hrown,  pubescent,  with  numerous  light- 
brown  projections,  nudril)  prominent,  yellowish -brown ;  pctiolule 
3  to  5  mm.  long ;  glandular-punctate ;  texture  coriaceous,  brittle ; 
odor  slight;  taste  bitter,  somewhat  aromatic,  becoming  pungent. 

Paraguay  jAUORANDt — Oblong-lanceolate,  ovate  or  obovate, 
8  to  12  cm.  long.  2.5  to  5  cni.  broad;  apex  slightly  emarginate; 
base  equal ;  margin  very  slightly  revolute ;  up[ier  surface  dark 
green,  midrib  and  veins  of  the  first  order  not  very  prominent. 
the  latter  diverging  at  an  angle  of  25'  to  45°;  under  surface 
grayish-green  or  light  green,  glabrous,  with  numerous  papillx ; 
midrib  yellowish,  with  few  short  hairs;  frequently  with  numerous 
black  disks  of  a  species  of  Puccinia  on  both  surfaces;  texture 
as  in  Pernambuco  jaborandi,  but  only  about  one-half  as  thidc. 

Maraniiam  Jabokandi. — Oblong-ovate,  or  oWanccolate,  1.5 
to  4  cm.  long,  1.5  to  2.5  cm.  broad;  apex  deeply  emarginate:  base 
tapering  into  the  pctiolule;  margin  distinctly  revolute;  upr>er 
surface  bright  green,  glabrous,  sometimes  shiny,  midrib  promi- 
nent, veins  of  the  first  order  not  very  prominent,  diverging  at  an 
angle  of  35"*  to  45°;  under  surface  grayish-green;  frequently 
with  numerous  black  disks  of  a  species  of  Puccinia  on  both  sur- 
faces: pctiolule  about  8  mm.  long;  texture  as  in  Paraguay  jabor- 
andi but  thinner. 

Inner  Stuuctitre. — See  Fig.  257. 

Constituents. — About  0.5  to  i  per  cent,  of  the  alkaloid 
prtocARPiNE,  which  occurs  as  a  colorless,  syrupy  liquid,  but  forms 
well-defined  crystalline  salts,  tiie  hydrochloride  and  nitrate  being 
official.  It  is  very  soluble  in  water,  the  solutions  being  dextro- 
rotatory. Pilocarjiine  is  decomposed  by  heat  or  alkalies  and  yields 
an  isomeric  substance,  ijwipilocarpine.  which  is  an  oily  compound 
and  is  usually  present  in  the  commercial  nitrate  of  pilocarpine. 
TTie  alkaloid  pii^ocARPinixE  has  been  obtained  from  the  mother 
liquors,  after  the  cr\'stallization  of  pilocarpine,  as  a  syrupy  sub- 
stance fi^nning  a  crystalline  nitrate  and  resembling  somewhat 
pilocarpine  in  its  physiological  action.     An  alkaloid  related  to 


CRUDE  DRUGS. 


599 


pilocarpidinc  has  been  isolated  from  the  leaves  of  P.  pinnatifolius 
in  ihe  form  of  an  amorphous  substance  called  jaborine,  and 
resembling  atropin  in  its  physiological  properties.  Recent  inves- 
tigations tlo  not  seem  to  show  that  these  alkaloids  occur  in  either 
the  leaves  of  Paraguay  or  Maranham  Jaborandi.  Fresh  pilocarpus 
leaves  also  yield  0.2  to  l.i  per  cent,  of  a  volatile  oil  which  con- 
tains a  hydrocarbon  pllocarpene  and  a  stearoptenc  belonging  to 
the  olefinc  series. 

Allii;i>  Drugs. — Nearly  all  of  the  species  of  Pilocarpus  con- 
tain some  pilocarpine,  as  well  as  other  principles  which  are  found 
in  the  official  leaves.  Many  of  these  find  their  way  into  commerce 
and  in  some  instances  their  assays  compare  favorably  with  the 
official  leaves.  Akacati  JAnoKvVNDi  is  obtained  from  P.  spicatus, 
the  leaflets  being  broad  and  coriaceous  and  said  to  contain  0.16 
per  cent,  of  alkaloids.  The  leaflets  of  P.  racemosus  of  the  West 
Indies  are  large  and  membranous  and  contain  about  .66  per  cent, 
of  pilocarpine. 

EUCALYPTUS.— The  leaves  of  Eucalyptus  Globulus  (Fam. 
Myrtaceae),  a  tree  (Pig.  258)  indigenous  to  Eastern  Australia 
and  Tasmania,  and  cultivated  in  Southern  Europe,  California 
and  the  Southern  United  States  (p.  346).  The  leaves  are  col- 
lected from  older  parts  of  the  tree  and  dried,  the  principal  part 
of  the  conmiercial  supply  coming  from  the  south  of  France. 

Description. — Bilateral,  lanceolate,  scythe- shaped,  15  to  30 
cm.  long,  2.5  to  5  cm.  broad ;  apex  acuminate :  base  somewhat 
unequal,  acute ;  margin  entire,  revolute ;  surface  light  green,  glab- 
rous, with  numerous  small,  circular,  reddish-brown  depressions 
or  projections  in  the  neighlwrhood  of  the  stomata  and  veins,  con- 
sisting of  cork  cells ' ;  midrib  usually  with  a  small  groove  on  one 
side;  veins  of  the  first  order  diverging  at  an  angle  of  about  55", 
running  to  within  i  mm,  of  the  edge,  where  they  anastomose, 
forming  a  vein  parallel  with  the  margin ;  petiole  2  to  3  cm.  long, 
flattened  and  somewhat  twisted ;  glandular-punctate ;  texture  cori- 
aceous; odor  slightly  aromatic;  taste  aromatic,  somewhat  bitter 
and  cooling. 


'  These  corky  patches  appear  to  be  due  to  an  irritation  caused  by 
some  of  the  constltaents. 
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Constituents. — V'olatile  oil  3  to  6  per  cent.,  of  which  over 
60  per  cent,  is  eucalyptol  (cineol),  the  remainder  consisting  of 
d-pinene  (eucalyptenj  and  other  terpenes;  several  resins,  one 
of  which  is  crvstalhne  and  colored  brownish-red  with  ferric 
chloride;  a  neutral  bitter  principle;  eucalyptic  acid;  tannin  and 
calcium  oxalate. 


fe 
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PlQ.  3|8,  EfUi^yptua  Globultu:  A,  snoung  bnuich  with  opposite,  obfong.  dowlvenU»U 
wtasilc  Wv«s.  n,  Flowering  branch  «-!th  KViIie-4Hai)«>d.  pcUolaM,  Mattered,  biUienl  Isavu, 
C,  Hower-bud  thowing  lh«  detached  upper  |K>rtiun  o(  tlic  periiinth  (opinxulurr  or  lid)  which 
coven  the  Mitmens  until  they  nre  fully  mxturv.  I>,  lomntudinal  section  at  ft  flower  bud 
shuvrinti  incurved  filMiiieiit&  which  curve  outwiuil&  when  the  Auwer  maltms.  E,  *laflini» 
in  two  viewi.  P.  truncated  capsule  or  pyxis.  O,  two  fertile  seedt.  II,  stcnte  iced,  seedx  of 
tMi  laod  usiuilly  beinn  moat  numerous.  J.  two  gcnninalinK  pUtntt.— A-F.  after  NiederuRi; 
G-J.  ■iter  MuUer. 

Allied  Plants. — The  following  Eucalypts  yield  an  oil  con- 
sisting principally  of  eucal^-ptol  and  pinene,  and  in  which  the 
eucalyptol  exceeds  40  per  cent.,  phellandrcne  being  absent:  Euca- 
iyptus  rcsinifera,  E.  polyanihema,  E.  Bchriana,  E.  Rossii,  E. 
pcndula,  E.  dcalbata.  E.  tcreticornis  Uncarts,  E.  rostrata  borcalis, 
E.  maculosa,  E.  oimphora,  E.  punctata.  E.  squamosa.  E.  Bnd,^e- 
siana.  E.  gomocalyx,  E.  bieolor,   E.  z'iminaiis,  E.  popxtlifolia. 
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E,  hngifolia,  E.  Maidcni,  E.  Globulus,  £.  pulverulenta,  B.  cinerea, 
E.  Stuartiana,  E.  Stuartiana  var.  conlata,  E.  Morrisii,  E.  Smithii 
and  E.  sideroxylott. 

U\A  URSI.— RED  BEARBERRY.— The  leaves  of  Arcto- 
slaf>hy!os  Uva-ursi  (Fam.  Ericaceae),  a  procumbent  shrub  indig- 
enous to  Europe.  Asia  and  tlio  Northern  United  States  and 
Canada  ^p.  357 J. 

Description.^ — Olwvate,  spatulate,  18  to  30  mm.  long,  6  to  lO 
mm.  broad;  aiiex  obuise;  base  acute,  tapering;  margin  entire, 
slightly  revolute;  upper  surface  dark  green,  glabrous,  finely  retic- 
tilatc ;  under  surface  yellowish -green ;  petiole  about  3  mm.  long, 
slightly  pubescent;  texture  coriaceous,  brittle;  odor  slight;  taste 
slightly  bitter,  astringent. 

When  a  sohition  of  vanillin  and  hydrochloric  acid,  to  which  a 
few  drops  of  fresh  ferrous  sulphate  solution  are  added,  is  applied 
to  a  section  of  Uva  Ursi  a  crimson  color  is  produced  which  dis- 
tinguishes the  drug  from  its  adulterants,  with  the  exception  of 
yacciiiium  J'itis-Idira.  It  is  distinguished  front  leaves  of  the 
latter  plant  as  well  as  other  adulterants  by  becoming  bluish-black 
with  ferrous  sulphate. 

Constituents. — Two  glucosidcs — arbutin  and  ericolin;  a 
crystalline,  resinous  principle  ursone:  tannin  about  5  per  cent.; 
gallic  acid;  ellagic  acid;  a  yellow,  crystalline  coloring  principle; 
calcium  oxalate ;  ash  about  3  per  cent. 

Akbutin  forms  colorless,  bitter  needles,  which  are  soluble  in 
water  and  alcohol,  the  solutions  being  colored  azure  blue  u|X}n 
the  addition  of  an  alkali  followed  by  phosphomolybdic  acid.  It 
yields  on  hydrolysis  hydroquinone  (arctuvin)  and  methyl  liydro- 
quin'one. 

Ericolin  is  a  yellow,  hygroscopic,  bitter  substance,  which 
yields  on  hydrolysis  the  volatile  oil  cricinol.  Ursone  occurs  in 
tasteless  needles  insoluble  in  water  and  capable  of  behig  sublimed. 

Allied  Plants. — ^Various  other  species  of  Arctostaphylos 
contain  principles  similar  to  Uva  Ursi.  TTie  leaves  of  trailing  arbu- 
tus (Ef*i^(Fa  ref*cns)  contain  ericolin  and  possibly  arbutin.  Erico- 
lin occurs  in  a  ntmiber  of  species  of  Ledum  and  Rhododendron, 
and  European  huckleberry  (Kflffmi'iim  »Mvr/i7/r(.v1.  small  cranberry 
{Oxycoccus  pahistris)   and   heather    {Calluna  vulgaris),  all  of 
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Europe.  The  two  latter  plants  arc  naturalized  in  New  Jersey,  die 
New  England  Stales  and  Eastern  Canada.  A  number  of  species 
of  Rhododendron  contain,  in  addition  to  and roiiiedo toxin  (see 
page  357),  the  same  principles  found  in  Uva  Ursi,  Marsli  tea 
or  narrow-leaved  Labrador  tea  (Ledum  palustrc),  growing  in 
the  Northeastern  United  States  and  Canada,  as  well  as  North- 
em  Europe  and  Asia,  contains  ericolin,  arbutin,  an  ethereal  oil 
(the  principal  component  of  which  is  Ledum  camphor),  valer- 
ianic, acetic  and  butyric  acids.     (Compare  also  Chimaphila.) 


9 


Via.  a$tf.  Buchu  traves  ftfaowing  oil  flljitulft  which  givt-  the  leave*  the  qUndvlar- 
[mncute  ipi>e:aranc«:  1,  Baraama  trtttata  avatis:  3.  B.  crentilata  /oli'Mtii,  y  B.  betulina; 
4.  f?.  trrratifoliai  $,  BtMfiteuntm  tmalmm;  6,  dthiweiit  fruil  of  B.  crtntdata;  7.  flower 
at  the  Mine.— After  Tichirch. 


BUCHU. — TTic  leaves  of  several  species  of  Barosma  (Fam. 
RutaceJc).  a  shrub  indigenous  to  Cape  Colony.  There  are  two 
chief  commercial  varieties :  <  i )  Short  Buchu  obtained  from  B. 
betulina  and  (2)  Long  Buchu.  obtained  from  B.  serratifolia,  the 
short  buchu  being  official  (p.  306;  Fig.  259). 

Short  Buchu. — Obovate.  rhomboid-obovate.  ovate  or  ellip- 
tical or  somewhat  cuneate :  9  to  18  mm.  long,  6  to  12  mm.  broad ; 
apex  obtuse,  somewhat  recur\ed ;  base  acute  or  cuneate :  mai^in 
sharply  dentate  or  denticulate  and  with  an  oil-secretion  reser\'oir 
at  the  base  of  each  tooth;  upper  surface  yellowish-green,  glab- 
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rous ;  under  surface  yellowish-green,  longitudinally  striate ;  both 
surfaces  papillose;  petiole  about  i  mm.  long;  texture  coriaceous; 
odor  and  taste  distinct,  aromatic. 

Long  Bvciiu. — Linear-lanceolate,  25  to  40  mm.  long,  4  to  6 
mm.  broad;  margin  sharply  serrate  and  glandular;  apex  some- 
what rounded  or  truncate. 

Constituents. — Short  buchu  contains  about  1.2  to  1.45  per 
cent,  of  volatile  oil,  of  which  about  30  per  cent,  is  the  crystalline 
body  diosphouo! :  long  buchu  contains  only  about  one-tliird  as 
much  volatile  oil  and  it  contains  little  or  no  diosphonol :  buchu  also 
contains  two  crystalline  glucosides.  diosmin  and  hesperidin  (see 
Aurantii  Amari  Cortex)  :  mucilage  and  calcium  oxalate. 

Allikij  Plants. — The  leaves  of  Barosma  crenuhta  are  occa- 
sionally  found  in  the  market :  they  are  ovate,  obovate  or  oblong- 
lanceolate,  alwut  twice  as  broad  as  long  buchu.  with  slightly 
toothed  and  glandular  margin,  more  or  less  rounded  apex,  and 
yield  about  1.6  per  cent,  of  volatile  oil  resembling  that  of  short 
buchu. 

Adulterants. — The  leaves  of  Emplcurum  aisatum  (Fam. 
RutaccK)  have  been  offered  for  long  buchu.  They  are  linear- 
lanceolate,  4  to  6  cm.  long,  with  acuminate  and  glandlcss  apex; 
sharply  serrate  and  glandular.  They  have  a  bitter  taste  and  yield 
about  I  per  cent,  of  a  volatile  oil  .which  does  not  contain  a  crys- 
talline principle. 

Karoo  Buchu  is  derived  from  Diosma  siicculcttta,  of  South 
Africa.  The  leaves  arc  ovate.  3  to  6  mm.  long,  coriaceous,  obtuse 
and  slightly  recurved  at  the  apex.  They  yield  an  oil  with  a 
peppermint-like  odor  containing  diosphenol,  and  26  per  cent,  of 
extractive.  The  leaves  of  aniseed  buchu  (B.  pulchella)  are 
smaller  than  those  of  B.  belnlina  and  have  an  odor  of  citronella. 

CHIMAI'HILA.— PIPSISSEWA.— Tlie  dried  leaves  of 
Chimaphila  umbellata  (Fam.  Ericaceae),  a  perennial  herb  (p. 
355  >  indigenous  to  the  United  States  and  Southern  Canada  and 
Northern  Europe  and  Siberia. 

Drs<:ription*. — Lanceolate  or  oblanceolate,  2.5  to  5  cm.  long, 
8  to  18  mm.  broad;  apex  obtuse  or  acute;  base  acute  or  cuneate; 
margin  sharply  serrate;  upper  surface  dark  green,  not  mottled, 
glabrous,  shiny ;  midrib  and  veins  depressed,  the  latter  diverging 


604 


BOTANY  AND  PHARMACOGNOSY. 


at  an  angle  of  about  60°  and  uniting  with  each  other  near  the 
margin:  under  surface  yellowish-green;  petiole  about  i  mm. 
long;  texture  coriaceous,  brittle;  odor  slight:  taste  astringent, 
bitter. 

CoNSTiTUKNTS. — A  neutrai.  tasteless  principle  chiniaphilin, 
occurring  in  golden-yellow  needles;  two  glucosides — arbutiti  and 
ericolin  (sec  Uva  Ursi)  ;  several  other  crystalline  principles;  a 
volatile  oil ;  tannin  4  to  5  per  cent. ;  calcium  oxalate ;  ash  about 
5  per  cent. 

COCA.— COCA  LEAVES.— Tlie  leaves  of  Erythroxyhn 
Coca,  and  its  varieties  (Fain.  Erytliroxylaccae),  shrubs  (Fig. 
260)  probably  indigenous  to  liolivia  and  Peru,  where  they  are 
extensively  cultivated,  as  well  as  in  Java  and  Ceylon  (p.  303). 
The  leaves  when  fully  grown  are  picked  and  quickly  dried  in  the 
sun.  Two  or  tliree  harvests  are  obtained  a  year.  There  are  two 
principal  commercial  varieties — Bolivian  (Huanco)  and  Peruvian 
(Tnixillo),  the  former  I>eing  preferred.  On  keeping  the  leaves 
the  alkaloid  cocaine  is  dissipated  and  they  lose  their  stimulating 
properties,  particularly  if  they  arc  not  thoroughly  dried. 

B<iLivi.\N  Coc.\. — Oval,  obovate  or  elliptical,  3  to  7  on.  long, 
2  to  3  cm.  broad  ( Fig.  260)  ;  U[jex  acute,  slightly  mucronate  ;  base 
acute;  margin  entire,  somewhat  revolulc;  upper  surface  dark 
green,  glabrous,  midrib  with  a  distinct  ridge;  under  surface  yel- 
lowish-green, distinctly  undulate,  with  numerous  minute  papillae, 
frequently  with  a  parallel  line  about  4  mm.  from  the  midrib  on 
cither  side  and  extending  from  the  base  (r)  the  apex ;  petiole  dark 
brown,  i  to  6  mm.  long;  texture  somewhat  coriaceous;  odor  dis- 
tinct ;  with  a  bitter  taste,  and  producing  a  sensation  of  numbness. 

Peru\'1AN  Coca. — Leaves  usually  more  broken.  3  to  5.5  cm. 
long.  1.5  to  2  cm.  broad ;  upper  surface  light  green,  ridge  on  the 
midrib  faint  or  wanting:  under  surface  light  yellowish-grcen, 
the  curved  line  on  either  side  of  the  midrib  usually  wanting:  more 
or  less  fragile ;  sensation  of  numbness  on  tasting  the  drug  not  so 
pronounced. 

The  flowers  of  a  species  of  Inga  (Fam.  Legiiminosx)  are 
frequently  present.  The  pedicel  is  al>out  2  mm.  long;  the  calyx 
yellowish-brown,  about  r  cm.  long,  five-toothed,  pubescent; 
corolla  cylindricaK  or  somewhat  funnel-shaped,  5-loothed.  about 
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DNINE  crystallizes  in  monocUnic  prisms,  which  are  slightly 
hitter,  rtatlily  soluble  in  water  and  sparingly  soluble  in  alcohol. 
CiNNAMVL  COCAINE  IS  foiincl  in  commercial  cocaine  and  occurs 
in  rosettes  of  neeiUe-shaped  crystals  which  are  nearly  insoluble 
in  watrr,  soluble  in  alcohol  ami  on  hydrolysis  yield  cinnamic 
acid,  methyl  alcohol  and  ecgonine.  o-Truxillin'e  (cocaniinc)  is 
a  bitter  alkaloid  which  occurs  either  in  an  amorphous  form  or  in 
larpe  crystals  and  yields  on  hydrolysis  truxillic  acid,  nictliyl  alco- 
hol and  ecgonine.  Truxillinc  occurs  sometimes  to  the  extent  of 
0.5  per  cent,  in  Peruvian  (Taixillo)  leaves.  Cocaine  is  found 
in  the  seeds  and  roots  as  well  as  in  the  leaves.  The  leaves  contain 
a  small  amount  of  methyl  salicylate. 

It  has  been  shown  that  young  coca  leaves  contain  2.02  per  cent, 
of  total  alkaloids,  or  more  than  twice  as  much  as  the  older  leaves, 
while  the  amount  of  ash  yielde<l  by  them  is  slightly  less,  being 
6.4  per  cent.  The  constituents  of  Ceylon  Coca  resemble  those  of 
the  Java  variety. 

SENNA.— SENNA  LEAVES.— The  leaflets  of  various  spe- 
cies of  Cassia  (Fam.  Leguminosw),  small  shrubs  indigenous  to 
Upper  Egypt  and  Southern  Arabia.  There  are  two  important 
commercial  varieties;  (1^  Alexandrian  Senna,  derived  from 
wild  plants  (Fig.  262)  of  Cassia  aciitifolia,  a  small  shrub  growing 
in  the  region  of  the  Nile  River  from  Assouan  to  Kordofan  (p. 
292).  and  exported  by  way  of  .Alexandria  and  Red  Sea  ports; 
(2)  Indian  or  Tinnivelly  Senna,  derived  from  cultivated  plants 
of  Cassia  ani^ttstifoUa.  growing  on  the  East  African  coast,  in 
Arabia  and  Northwestern  India,  and  cultivated  in  Southern 
India  (p.  292).  The  leaves  are  carefully  collected  and  dried,  the 
Tinnivelly  variety  being  more  largely  used,  although  the  .Alex- 
andrian is  more  highly  esteemed. 

-AixxANnRiAN  Senna.— Lanceolate  or  ovate-lanceolate;  1.5 
to  3  cm.  long,  5  to  8  mm.  broad  (Fig.  262,  P);  apex  acute, 
mucronate;  base  unequal,  acute:  margin  entire:  upper  surface 
pale  green,  nearly  glabrous,  midrib  sometimes  depressed,  veins  of 
first  order  more  or  less  prominent,  under  surface  light  grayish- 
green,  midrib  prominent,  minutely  pubescent,  especially  near  the 
veins:  petiolulc  about  i  mm.  long:  texture  coriaceous,  fibrous; 
odor  slight ;  taste  somewhat  bitter. 
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fcrs  from  rhaiiinctin  found  in  the  fruit  of  Khamuus  cothartica  in 
that  the  latter  is  crystalline  and  forms  a  fluorescent  solution  with 
sulphuric  acid;  senna- isoemod in  (isomeric  with  senna-emodin), 
which  is  soluble  in  petroleum  ether;  cathartic  acid;  calcium 
oxalate ;  and  ash  lo  to  12  per  cent.  The  active  principles  of  senna 
are  emodin,  chrysophanic  acid  and  cathartic  acid.  The  percentage 
of  emodin  is  from  0.8  per  cent,  in  Tinnivelly  leaves  to  i  per  cent. 
in  the  Alexandria  variety. 

Allied  Pi-<ints. — Senna  pods  (Fig.  262),  derived  from  both 
C.  aciitifoUtt  and  (.'.  an ^^itsti folia,  are  also  found  in  the  market, 
either  admixed  with  the  leaves  or  sold  separately;  they  are  from 
3.5  to  7  cm.  long  and  about  2  cm.  broad,  greenish  to  dark  brown 
externally.  an<l  contain  from  five  to  seven  obovate,  dark  brown, 
nearly  smooth  seeds.  They  contain  apparently  the  same  active 
principles  as  the  leaves. 

Similar  j>rinciples  are  found  in  other  species  of  Cassia,  espe- 
cially in  the  .\merican  sknna  (C.  inarHmuiica),  which  is  an 
herbaceous  perennial  (Fig.  71).  indigenous  to  the  Eastern  and 
Central  United  Slates  and  Canada,  with  12-  to  20-foliaie  leaves, 
yellow  flowers  and  a  linear,  slightly  curved  legume.  T!ie  leaves 
of  senna  arc  sometimes  admixed  with  those  of  Cassia  obovata, 
which  are  broad  and  obovate,  while  the  pods  of  the  latter  species 
are  distinctly  curved.  Mecca  or  .-Vkaiuan  sknna  is  obtained  from 
a  variety  of  C.  angttstifolia,  growing  in  Arabia.  The  leaves  of 
C  koloscricca.  of  Aby.ssinia,  are  quite  hairy  and  found  occa- 
sionally in  the  market  under  the  name  of  Aoen  senna.  The 
leaves  of  other  members  of  the  Leguminosw  are  used  like  senna, 
as  Cythus  pitrgans  of  Southern  France,  Tephrosia  ApoUinea  of 
Eg_\-pt.  and  Colutca  cruenia  of  the  Caucasus  region. 

The  root  of  Viviama  csndcnta  (Fam.  Geraniaceic),  of  the 
Fast  Indies  contains  a  principle  resembling  cathartic  acid,  a  gluco- 
side  also  found  in  senna  and  rhubarb. 

HA^^A^rELIDIS  folia.— witchhazel  leaves.— 

The  leaves  of  Hamainclis  I'lrgifiiana  (Fam.  Ilamamelidaceae),  a 
shrub  (Fig.  264)  indigenous  to  the  Eastern  and  Middle  United 
Stales  and  Canada  (p.  286).  The  leaves  are  collected  in  autumn, 
and  are  used  in  the  fresh  condition,  or  dried;  when  drie<l  they 
should  be  carefully  preserved  and  nol  kept  longer  than  one  year. 


CRUDE  DRUGS. 


613 


phyllaceae),  an  evergreen  shrub  (p.  367)  indigenous  to  the  moun- 
tains of  California  and  Northern  Mexico. 

Description. — Usually  broken  into  fragments;  lamina  lance- 
olate, 7  to  15  an.  long,  i  to  3  cm.  broad ;  ajiex  acnte;  base  acute, 
slightly  tapering  into  the  petiole ;  margin  nearly  entire  or  unevenly 
serrate;  upper  surface  ycllowish-grccn,  glabrous,  resinous;  under 
surface  grayish-green,  reticulate,  minutely  tonicntose  between  the 
reticulations,  midrib  light  yellow,  prominent ;  petiole  5  to  10  mm. 
long;  texture  coriaceous,  brittle;  odor  and  taste  balsamic. 

Constituents. — A  greenish-yellow  acrid  resin  about  9  per 
cent.:  a  yellow  crystalline  principle  eriodictyonic  acid  (about  2 
per  cent.),  with  a  somewhat  sweetish  hut  acid  taste  and  becom- 
ing reddish-black  with  ferric  chloride;  volatile  oil;  ericolin  (sec 
Uva  Ursi)  ;  an  inert  resin;  tannin,  and  calcium  oxalate. 

DK;IT.-\L1S.— rOX  GLOV^E.— The  leaves  of  Disitalis  pur- 
purea (Kam.  Scrophulariacea;),  a  biennial  herb  (Fig.  2f>5)  prob- 
ably indigenous  to  Central  and  Southern  Europe,  and  cultivated 
and  naturalized  in  various  parts  of  Europe  and  the  United  States 
and  Canada  (p.  376J.  The  leaves  are  collected  in  June  from 
plants  of  the  second  year's  growth,  just  before  the  commencement 
of  flowering,  immediately  dried  (preferably  with  the  leaves  on 
the  stem  as  in  the  drying  of  tobacco),  and  carefully  preserved. 
Germany  furnishes  the  chief  supply*  the  leaves  from  both  culti- 
vated and  wild  plants  being  used.  Leaves  wliich  have  been 
carefully  dried  and  are  kept  in  air-tight  vessels  will  retain  their 
properties  for  some  years.  It  is  necessary  to  avoid  moisture  and 
light,  these  being  the  factors  which  bring  about  deterioration  of 
the  drug. 

Description. — Usually  ijiore  or  less  crumpled  and  broken 
into  fragments ;  lamina  ovate-oblong  or  ovate-lanceolate,  10  to  25 
cm.  long,  5  to  15  cm.  broad :  apex  obtuse  or  rounded ;  base  some- 
what cuneate,  tapering  into  the  petiole ;  margin  dentate  or  crenate, 
the  divisions  with  a  yellowish-hrown  glanrl-like  ajn-x ;  npjwr  sur- 
face dark  green,  minutely  hairy,  somewhat  wrinkled,  with  a  single 
water-pore  near  the  apex  of  each  tooth;  under  surface  grayish- 
green,  midrib  grayish-brown,  prominent,  from  which  veins  of  the 
first  order  diverge  at  angles  of  45**  to  65°  and  unite  with  one 
another  near  the  margin,  and  from  which  arise  otlier  anastomos- 
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digitalis  and  a  nauseous,  acrid  taste :  a  volatile  principle,  antir- 
rhinic  acid,  somewhat  resembling  valerianic  acid;  digitalic  acid, 
separating  in  white  needles ;  two  coloring  principles,  one  red  and 
the  otlier  yellow,  resembling  chrysophan,  a  gliicosi<le  found  in 
rhubarb;  an  oxydase  ferment  which  occurs  in  the  recently  tiried 
leaves ;  and  ash  lo  to  l6  per  cent. 

DiGiTuxiN  occurs  in  white,  neetlle-shapcd  crystals  which  arc 
insoluble  in  water  but  more  or  less  soluble  in  alcohol,  of  a  bitter 
taste  and  colored  deep  green  with  hydnKhloric  acid.  Digitalis 
( digital  in  uni  veruni)  occurs  in  white,  rather  characteristic  gran- 
ules which  arc  sparingly  soluble  in  water  and  more  or  less  soluble 
in  alcohol,  forming  yellowish-colored  solutions  with  concentrated 
hydrochloric  or  sulphuric  acid.  If  the  latter  acid  contains  a  trace 
of  ferric  sulphate  solution  a  pennancnt  bluish-red  color  is  pro- 
duced. DiGiTONiN  is  a  saponin-like  crystalline  substance  which 
is  nearly  insoluble  in  water,  somewhat  soluble  in  alcohol,  and 
remains  colorless  on  treatment  with  hydrochloric  acid,  but  a  dilute 
sulphuric  acid  solution  becomes  gamet-red  in  color  on  boiling 
for  .M.)nie  time.  Dic.italein  occurs  as  a  yellowish-white  powder 
and  is  supposed  to  be  a  mixture  of  digitoxin.  digitalin  and  digi- 
tonin.  French  digitamn  consists  chiefly  of  digitoxin.  while  in 
Gf.hman  iiiGiTAi.iN  tlie  principal  substance  is  digitonin.  Tlie 
latter  is  distinguished  by  bting  more  soluble  in  both  water  and 
alcohol.  DiGiTiN  is  a  physiologically  inactive  substance.  Nati- 
velle's  DiGiTALrNK  cristau-isJIe  consists  chiefly  of  tligitoxin. 

Allied  Drugs. — The  seeds  of  Digitalis  {>urpurca  are  about 
I  mm.  or  less  in  diameter,  yellowish-  or  dark-brown,  oblong  or 
spatulate  in  section,  more  or  less  plano-convex  and  somewhat 
tuberculate.  They  contain  apparently  the  same  principles  as  tlie 
leaves.  The  digitoxin  is  said  to  be  different  from  that  obtained 
from  the  leaves  and  is  known  as  a-digitoxin.  it  is  claimed  that 
the  leaves  of  the  first  year's  non-flowering  plant  wlien  properly 
dried  are  cfiually  as  active  as  the  official  leaves. 

The  leaves  of  Di^iitalis  grandifiora  growing  abundantly  in 
Switzerland  appear  to  be  as  efficient  as  those  of  Digitalis  purpurea. 

AnL*r,TEi<AKTS, — The  leaves  of  other  cultivated  varieties  of 
Digitalis  have  been  substitute*!  for  (hose  of  /?.  purpurea,  as  those 
of  the  Mammoth   Foxglove   {D.   motistrosa) ,  which   is  distin- 
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guished  by  producing  long,  spike-like  racemes  which  are  ter- 
minated by  one  large  flower. 

The  leaves  of  Inuia  Hclcnium  (Fig.  182)  (Fam.  Compositse) 
when  submitted  to  assay  will  compare  favorably  with  those  of 
digitalis,  although  they  do  not  contain  any  digitoxin.  This 
shows  that  the  assay  processes  should  be  followed  by  confirmatory 
tests,  unless  tlie  identity  of  the  drug  has  been  determined  beyond 
doubt. 

MATICO. — The  dried  leaves  of  Piper  augusiifolium  (Fam. 
Piperaceae),  a  shrub  indigenous  to  Peru  and  Bolivia  (p.  249). 

Description. — Usually  in  large,  compressed,  matted  masses; 
lamina  narrow,  oblong-lanceolate.  10  to  20  cm.  long,  2  to  5  cm. 
broad;  apex  acute  and  long-tapering;  base  unequal,  slightly  cord- 
ate; margin  finely  crenulate,  with  broad,  truncate  teeth;  upper 
surface  dark  green,  tessellated,  harsh  to  the  touch  from  the  pres- 
ence of  numerous  very  small  papilla  and  minute,  bristly  hairs; 
lower  surface  grayish -green,  reticulate,  matted  hairy,  velvety  to 
the  touch,  the  veins  being  very  prominent  and  yellowish-brown, 
those  of  the  first  order  diverging  at  an  angle  of  ^15"  to  80°,  then 
curving  and  converging  at  the  apex;  petiole  2  to  3  mm.  longj 
texture  fragile  when  dry;  odor  pronounced,  aromatic;  taste  aro- 
matic, pungent,  pepper-like. 

The  drug  is  generally  admixed  with  the  flower  spikes,  which 
are  2.5  to  15  cm.  long  and  atjout  2  mm.  in  <lianieter,  yellowish- 
brown,  and  consisting  of  very  small  perfect  ilowers.  which  are 
subtended  by  bracts  fringed  on  the  margin  with  long,  multicel- 
lular, non-glandular  hairs;  or  the  spikes  may  Ix-ar  the  mature 
fruits,  consi.sting  of  somewhat  cubical  or  tetragonal,  reddish-brown 
drupes,  which  are  0.5  to  i  mm.  in  diameter  and  finely  reticulate, 
somewhat  like  the  seeds  of  lobelia. 

A  few  of  the  jointed  stems  with  swollen  nodes  are  also  present. 

CoNSTtTirENTS.- — Volatile  oil.  resin,  a  bitter  principle,  and 
artanthic  acid   (see  p.  249). 

HyOSC^\\MUS.— HENBANE.— The  leaves  ami  flowering 
tops  of  Hyoscyautus  niger  (Fam.  Solanacea),  an  annual  or  bien- 
nial herb  (Figf.  2671  probably  indijjenous  to  Europe,  Western 
Asia  and  Northern  Africa  and  cultivated  in  Germany,  Russia, 
England  and  the  Northern  United  States  and  Canada,  and  also 
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naturalized  in  waste  places  (p.  372).  The  leaves  are  collected 
shortly  after  flowering  from  biennial  plants  of  the  second  year's 
growth,  and  carefully  dried  and  preserved.  The  commercial 
article  comes  chiefly  from  Germany. 


Fic.  967.    Leaves  aod  fruits  of  aolanaceous  drugs:  A,  D,  Belladonna;   B.  F,  Stramo- 
nium; C,  E,  Hyoscyamus. 

Description. — Usually  in  irregular,  matted  fragments.  Stem 
hollow,  cylindrical,  flattened,  longitudinally  furrowed  and  wrin- 
kled. 3  to  4  mm.  in  diameter ;  internodes  i  to  3.5  cm.  long.  Leaves 
ovate  or  ovate-lanceolate,  5  to  10  cm.  long.  2  to  7  cm.  broad,  apex 
acuminate ;  base  amplexicaul ;  margin  acutely  four-lobed ;  upper 
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surface  dark  green  and  pubescent;  under  surface  grayish-green 
and  glandular-pubescent  (Kig.  287.  B)  ;  midrib  yellowish-green, 
from  which  veins  of  the  first  order  diverge  at  an  angle  of  from 
10"  to  35"  and  pass  into  the  lobes:  Icxturc  fragile.  Mowers  soli- 
tary and  witli  a  pedicel  about  4  mm,  long ;  calyx  tubular, 
5-toothed,  about  10  mm.  long,  outer  surface  very  pubescent; 
corolla  5-parted.  the  lobes  more  or  less  unequal,  somewhat  spread- 
ing, the  tube  purplish,  the  limb  yellowish,  reticulate  from  purplish 
veins;  stamens  five,  declined,  mostly  exserted:  stigma  capitate. 
Fruit,  a  two-locular  pyxis.  Seeds  numerous,  campylotropous. 
somewhat  reniform.  flattened.  I  mm.  long.  liglit  brown,  finely 
pitted,  with  a  curved  embryo  embedded  in  the  endosperm.  Odor 
di>itinct.    Taste  bitter  and  somewhat  acrid. 

Inner  STRiCTVRE.-s-See  Figs.  282,  .-i;  287.  B;  302.  A. 

Constituents. — The  alkaloids  hyoscyamine  and  hyoscine 
(scopolamine)  a.o8  lo  0.15  per  cent.,  of  which  three-fourths  is 
hyoscyamine;  an  odorous  princijile  in  the  nature  of  a  butyric  ether 
or  butyrin ;  a  glucnsidal  liilter  principle,  hyospicrin ;  potassiimi 
nitrate,  about  2  ]jer  cent.,  ami  calcium  oxalate. 

HvoscvAMtxE  (an  isomer  of  atropine)  occurs  in  colorless, 
silky  needles  with  an  acrid,  disagreeable  taste,  partly  soluble  in 
water,  soluble  in  alcohol,  and  is  readily  decomposed  into  atropine. 
It  forms  crystalline  salts,  of  which  the  hydrobromide  is  official. 
Hyoscink  forms  prismatic  crystals,  which  are  soluble  in  water 
and  alcohol,  and  yields  .scopoline  (oscine)  and  tropic  acid. 

Allied  Pi^nts. — Hyoscyamine  is  also  found  in  Datura  Stra- 
monium,  Atropa  BcUadonna.  Anisodus  luridus,  Duboisia  myo- 
foroidcs.  Lactuca  satiiv  and  L.  znrosa  (p.  392 J,  the  two  latter 
plants  belonging  to  the  Compositae.  Hyoscine  (scopolamine)  is 
also  present  in  belladonna  root,  the  seeds  of  Hyoscyamus  tiigcr 
(P-  37^}'  tl'c  leaves  of  Datura  Stramonium,  Datura  fastuosa  of 
the  East  Indies,  the  leaves  of  Duboisia  myoporotdes  and  the 
roots  of  Scopoiia  japonica  and  S.  atrnpoides. 

The  leaves  of  Hyoscyamus  muticus  (Fig.  269).  a  plant  grow- 
ing in  EgTr-pt,  yield  1.34  per  cent,  of  alkaloids  consisting  of  prac- 
tically pure  hyoscyamine. 

Di'BoisiA  leaves  are  obtained  from  Duboisia  myoporotdes,  a 
large  shrub  indigenous  to  Australia.    They  are  short-petiolate,  7 
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to  10  cm.  long,  1-5  to  2.5  cm.  broad,  with  acute  or  narrow  apex 
and  base,  and  entire  or  somewhat  re\oIute  margin.  In  the  drug 
they  usually  occur  in  broken  iragnienis,  which  are  thin,  greenish- 
brown,  and  have  a  slight  narcotic  odor  and  bitter  taste.  They 
contain  in  addition  to  hyoscyamine  (duboisinc)  and  hyoscine,  the 
alkaloid  PSEUixtHYOsoAMrxe,  which  occurs  in  small,  needle- 
shaped  crystals  that  are  difficultly  soluble  in  water  but  readily 
soluble  in  alcohol.  Duboisia  Lcichardtii  also  contains  a  large 
amount  of  alkaloids  rciembUng  those  of  Duboisia.  Pituri  or 
Australian  tobacco  is  the  leaf  of  Duboisia  Hopzvoodii,  and  is  used 
in  Australia  like  tobacco.  It  contains  3.5  per  cent,  of  a  liquid 
alkaloid  piturine,  which  has  a  pimgent  odor  and  taste,  and  closely 
resembles  nicotine. 

BELLADOXK.C  FOLIA.— BELLADONNA  LEAVES.— 
Tlic  leaves  and  flowering  tops  of  Atrof*a  Belladonna  (Fam.  Sol- 
anaccx),  a  perennial  herb  {Fig.  268)  native  of  Central  and 
Southern  Europe,  Asia  Minor  and  Persia,  and  cultivated  in  Eng- 
land and  Germany,  from  which  countries  most  of  the  commercial 
supply  is  obtained  (p.  ^72).  The  leaves  and  tops  are  gathered 
when  the  plants  are  in  flower,  and  used  fresh  or  after  being  dried. 

Dkscription. — Csually  in  irregular,  matted  fragments.  Stem 
hollow,  cylindrical,  flattened.  longitudinally  furrowed  and  wrin- 
kled, 1.5  to  2  mm.  in  diameter,  intemodes  from  2.5  to  6.5  cm. 
long.  Leaves  single  or  in  unequal  pairs,  broadly  ovate  or  some- 
what elliptical.  6  to  15  cm.  long.  2.5  to  7  cm.  broad:  apex  acum- 
inate; base  acute,  somewhat  unequal  and  tapering  into  the  petiole; 
margin  entire:  upper  surface  dark  grecn^  glabrous,  epidennis  with 
distinct  papilla; ;  under  surface  grayish-green,  slightly  pubescent 
(Fig.  287,  0  on  the  veins,  epidermis  distinctly  sinuate,  midrib 
dark  brown,  the  veins  of  the  first  order  diverging  from  it  at  angles 
of  aljout  45°  and  running  nearly  parallel  to  near  the  margin ; 
petiole  dark  brown,  5  to  15  mm.  long  an<l  semi-circular  in  cross 
scctio?1;  texture  fragile.  IHowers  solitary,  pedicel  1. 5  to  2  cm. 
long;  calyx  ileeply  5-cIef(.  about  t  mm.  h>ng,  outer  surface  slightly 
pubescent:  corolla  5-parted.  about  2  mm.  long,  campanulate,  yel- 
lowish-purple: stamens  five,  included:  st>ie  somewhat  exscrted. 
Fruit,  a  s\ij>erior  berry,  globular,  dark  green.  7  to  to  mm.  in 
diameter,  2-locular,  many-seeded.     Seeds  campylotropous,  some- 
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mine),  atropine,  formed  from  hyoscyamine,  and  belladonnine, 
formed  from  atropine;  a  fluorescein  principle  ^-methyl-aesculetin 
(atrosin  or  chrysatroijic  aci<l,),  which  resembles  a  similar  principle 
founti  in  je^clsemium ;  malic  add,  and  calcium  oxalate  in  the  form 
of  cr>ptocrystalline  crystals  {Vig.  287,  C). 

Athopine  i>  a  powerful  mydriatic  alkaloid  which  occurs  in 
colorless  or  white  aciciilar  crystals  that  are  soluble  in  alcohol 
but  sparingly  soluble  in  water.  It  is  optically  inactive  and  may 
be  sublimed  without  doconiposilioii.  The  aqueous  *«)lnlions  are, 
however,  easily  decomposed,  acquiring  a  yellow  color  and  a  dis^ 
agreeable  odor.  (J>n  treating  alr»>]iine  with  nitric  acid  and  i>otas- 
sinm  hydrate  a  violet  color  is  produced.  (Jn  hydrolysis  atropine 
yields  tropin  and  tropic  acid.  Upon  heating  atropine  with  nitric 
acid  so  as  to  cause  the  loss  of  a  molecide  of  water  the  alkaloid 
APOATRopiNE  (atropaminc  or  anhydro-atropine)  is  formed,  which 
has  been  isolated  from  belladonna  root  and  which  docs  not  possess 
any  mydriatic  properties,  (^n  heating  apoatropine  with  hydro- 
chloric acid  or  upon  simply  heating  it  for  some  time  alone  the 
base  BELLADONNiNE  (oxyatropinc)  Is  formc<l. 

The  amount  of  alkaloids  varies  in  different  parts  of  the  plant 
and  has  been  given  as  follows:  Roots.  0.06  |>er  cent. ;  stems,  0.04 
per  cent. ;  leaves.  0.2  per  cent, ;  unripe  berries,  o.ig  per  cent. ;  ripe 
berries,  0.21  per  cent.;  and  see<ls,  0.33  per  cent. 

Adi;i-terants. — The  leaves  of  Scopolia  carniolica  (p.  509; 
Fig.  273)  and  Phytolacca  decandra  (Fig.  139)  have  been  recently 
reported  as  substitutes. 

STRAMONUTM.— STRAMONIUM  LEAVES.— The  leaves 
and  flowering  tops  of  Datura  Stramonium  ( Fam.  Solan- 
aci'a.0.  an  annual  herb  (Fig.  267)  probably  indigenous  to  the 
region  of  the  Caspian  Sea.  naturalized  in  waste  places  in  Europe 
and  North  .\merica,  and  cultivated  in  France.  Germany  and  Him- 
gary  (p.  372).  The  leave*;  and  tops  are  coIIectc<l  when  the  plant 
is  in  flower,  and  are  carefully  dried  and  preserved,  the  chief  of 
ihe  commercial  ■supply  being  obtained  from  cultivated  plants. 

DicscRipTiON*. — Usually  in  irregidar.  matted  fragments.  Stem 
c>dindrical.  flattened,  longitudinally  furrowed  and  wrinkled.  2  to 

5  mm.  in  diameter;  internodcs  1.5  to  2  cm.  long.    Leaves  ovate, 

6  to  20  cm.  long.  2  to  12  cm.  broad;  apex  acuniinatc;  base 
unequal,  one  side  extending  3  to  12  mm.  below  the  other;  margin 
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long,  calyx  5-toolhed,  about  4  cm.  long,  separating  transversely 
near  the  base  at  maturity,  the  upper  part  falling  away;  corolla 
funnel-shaped,  yellowish-  or  purplish-white,  about  8  cm.  long, 
limb  plaited.  5-Iobed ;  stamens  five,  included,  inserted  near  the 
middle  of  the  corolla  tube ;  stigma  slightly  2-Iobed.  The  immature 
fruit  somewhat  conical,  4-valved.  Seeds  numerous.  Odor  dis- 
agreeable.   Taste  unpleasant,  nauseous. 

Inner  Strcctuke. — See  Figs.  117;  287.  D;  285,  C. 

Constituents. — The  important  constituents  of  Stramonium 
leaves  are  similar  to  those  of  belladonna  leaves,  the  amount  of 
total  alkaloids,  however,  being  about  one-half  less  (0.2  to  0.4  per 
cent).  The  substance  known  as  dati'rixk  is  a  mixture  of  hyoscy- 
amine  and  atropine,  the  former  being  in  excess  (see  Belladonnae 
Folia  and  Hyosci.*amus).  Stramonium  leaves  also  contain  a  vola- 
tile oil,  resin,  and  yield  about  17  per  cent,  of  ash,  containing  con- 
siderable potassium  nitrate. 

The  amount  of  total  alkaloids  varies  in  different  parts  of  the 
same  plant  and  has  been  reported  as  follows:  Roots.  0.02  per 
cent. ;  stems,  0.02  per  cent. ;  leaves,  0.07  per  cent.,  and  seeds.  0.25 
per  cent. 

Stramonii  Semen  (Stramonliun  Seed). — Campy  lot  ropous, 
reniform,  flattened,  aliout  3  to  4  mm.  long.  2  to  3  mm. 
broad ;  externally  bluish-black,  minutely  reticulate ;  liard  but 
easily  cut  lengthwise  along  the  edge;  internally  (Fig.  122.  B) 
whitish,  the  reserve  layer  occupjnng  al)out  one-half  the  seed,  the 
embryo  crook-shaped :  o<lor  slight,  disagreeable  when  the  drug  is 
bruised  :  taste  bitter.  They  contain  about  25  per  cent,  of  fixed  oil ; 
proteins :  about  0.4  per  cent,  of  alkaloids,  consisting  principally  of 
hyoscyaniine,  together  with  a  small  proportion  of  atropine  and 
scopolamine  f  hyoscine)  :  ash  2  to  3  per  cent. 

Au-iED  Drcgs. — Sec  Hyoscyamus  and  Belladonnae  Folia. 

The  Purple  Stramonium  {Datura  Tatula)  which  is  naturalized 
in  the  United  States  from  tropical  America  resembles  D,  Stram- 
onium, but  the  stems  and  flowers  are  purplish.  The  constituents 
in  the  two  plants  arc  similar.  5^veral  other  species  are  also  used 
in  medicine,  as  Datura  arhorca  indigenous  to  Chile  and  Peru,  and 
aiUivaled  for  its  handsome  flowers.  The  leaves  contain  0.44  per 
cent,  of  total  alkaloids. 
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EUPATORIUM.— BONESET.— The  leaves  and  flowering 
tops  of  liupatorium  l*crfotiatum  (Fam.  Coniposit*e).  a  perennial 
herb  (Fig.  270)  indigenous  to  Eastern  and  Central  North  Amer- 
ica (p.  392).    lioneset  is  coUecled  in  July  and  August  and  dried. 


FiQ.  170,  t.  EupaioriuKit  ferf.-liatum  with  opnoiiitc.  cnnnatF-perfallale  Waves  sml 
cyiDDsr- panic ulatv  intluicsceticc.  j.  Enpaltvinm  purpurtHM  with  vcnkdllktc.  pcilolKU 
l««ve»,  Aod  a  large  terminal  panicle  of  flm-crs. 

Description. — Usually  in  more  or  less  broken  fragments. 
Stem  cylindrical,  somewhat  quadrangular,  flattened,  about  3  mm. 
in  diameter,  lon^tuilinally  wrinkled,  tomcntosc;  internodes  5  to 
8  cm.  long.  Leaves  lanceolate,  opposite,  10  to  20  cm.  long,  2  to  4 
cm.  broad;  apex  animtnatc:  base  connate-perfoliate:  margin  cre- 
nate-scrratc ;  upper  surface  dark  green,  midrib  and  veins  de- 
pressed, reticulate,  glabrous,  except  near  the  margin;  under  sur- 

40 
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face  yellowish-  or  brownish-green,  midrib  prominent,  reticulate, 
very  lomenlose,  with  ghstening  yellow  resin  masses.  Flowers  in 
large  cymose  panicles;  lieads  lo-  lo  i5-flowere(i,  about  5  mm. 
long,  torus  flat;  involucre  light  green,  oblong,  the  scales  imbri- 
cate, linear-lanceolate,  hairy;  corolla  5-toothed,  whitish;  anthers 
purplish,  inclutled ;  style  deeply  cleft,  much  exserted.  Akenes 
5-angled,  pappus  consisting  of  a  single  row  of  about  twenty 
rough  bristles.    Odor  aromatic.     Taste  bitter. 

Constituents. — Volatile  oil;  a  bitter,  crystalline  glucoside 
cupatorin :  resin :  a  crystalline  wax ;  a  gJucosidal  coloring  prin- 
djjle  related  lo  tannin  but  crystallizing  in  small  yellow  needles, 
and  giving  an  orangc-rcd  preci]jitate  with  lead  acetate  solution ; 
a  glucosidal  tannin,  which  is  colored  deep  green  with  ferric  chlor- 
ide and  gives  a  yellow  precipitate  with  lead  acetate  solution;  gallic 
acid ;  ash  7.5  to  9.9  per  cent. 

Allied  Plants. — Purple  boneset  or  Joe-pye  weed  (Eupa- 
toriunt  purpttrcum],  a  common  herb  (Fig.  270)  in  low  grounds 
in  Eastern  and  Central  North  America,  is  a  tall  stout  herb,  with 
oblong-lanceolate  leaves,  3  to  C  in  a  whorl  and  light  purplish-red 
flowers  in  flense  corymbs.  Purple  honcset  contains  a  volatile  oil. 
0.07  per  cent. ;  a  yellow  crystalline  principle  euparin.  which  some- 
what resembles  quercitrin ;  resin,  0.25  per  cent.;  calcium  oxalate, 
1.82  per  cent.;  and  ash,  14  per  cent.  Dog-fennel  (£.  fn^iiculO' 
catm),  a  perennial  herb,  with  alternate,  1-  to  2-pinnately  parted 
leaves  and  white  flowers,  which  is  common  in  the  Southern  States, 
yields   a   volatile   oil    which   contains   considerable   phellandrene. 

The  root  of  Eupatorium  perfotiatum  contains  about  5  per 
cent,  of  inulin. 

GRINDELI.'V. — The  leaves  and  flowering  tops  of  Crindelia 
robusta  and  Grindclia  squarrosa  (Fam.  Composita?).  perennial 
herbs  (p.  393)  indigenous  to  Western  North  America.  G.  robusta, 
growing  west  of  the  Rocky  Mountains,  and  G.  squarrosa,  east- 
ward therefrom  as  far  as  the  Mississippi.  Crindelia  is  collected 
in  early  summer  when  the  leaves  and  tops  are  ct)vercd  with  a 
resinous  exudation,  and  dried. 

Crindelia  Robusta, — Stem  cylindrical,  lemon-yellow  or  rosc- 
colored.  2  to  3  mm.  in  diameter,  longitudinally  wrinkled,  gland- 
nlar-hairy.  nearly  glabrous,  resinous ;  internodes  8  to  35  mm.  long. 
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Leaf  lanceolate  or  eUiplical ;  apex  acute ;  base  sessile  or 
amplexicaiil ;  margin  entire  or  spinosely  toothed;  upper  surface 
light  green  or  ycllowish-grcen,  covered  with  resin  and  with  occa- 
sional black  disks  of  a  species  of  Puccinia;  under  surface  grayish- 
green,  somewhat  resinous;  texture  somewhat  coriaceous,  brittle 
when  dry.  Heads  many-flowered,  globular  or  truncate-conical, 
about  1  to  2  cm.  in  diameter,  with  numerous  lanceolate-acuniin- 
ate,  imbricate  and  resinous  involucral  bracts;  torus  flat,  deeply 
pitted;  ray-flowers  hrownish-yellow  and  pistillate;  tubular  flowers 
yellowish-brown,  perfect.  Akenes  slightly  curved,  somewliat 
compressed,  about  3  mm.  long,  and  I-  to  2-dentate  or  auriculate- 
bordered  at  the  summit.  Odor  aromatic;  taste  aromatic  and  hitter, 

Grindelia  Sqijarrosa. — The  leaves  are  linear,  the  akenes  are 
4-angled  and  more  or  less  truncate  at  the  apex. 

Constituents.— Resinous  substances  amounting  to  about  21 
per  cent.,  including  a  soft  greenish  resin  soluble  in  petroleum 
ether,  a  dark  colored  resin  soluble  in  ether  and  a  dark  colored, 
amorphous  resin  soluble  in  alcohol;  a  Isevo- rotatory  sugar 
l-glucose  ;  tannin  r.5  per  cent. ;  a  volatile  oil  having  ihc  character- 
istic odor  of  the  drug;  and  about  8  per  cent,  of  ash.  The  drug 
has  also  licen  reported  to  contain  two  glucosides,  0.8  j>er  cent. 
{G.  squarrosa)  to  2  jwr  cent.  (C  robusta),  somewhat  resembling 
the  saponins  in  quillaja  and  senega;  and  a  bitter  crystalline 
alkaloid,  grtndeline. 

.SuRSTiTUTF-s. — Most  of  the  drug  on  the  market  at  the  present 
time  appears  to  be  derived  from  Grindelia  camfiomm,  the  common 
Gum  plant  of  California.  The  upper  leaves  are  more  or  less 
oblong  or  spatulate  and  the  akenes  are  usually  bi-aurimlatc  at  the 
summit. 

The  commercial  drug  is  also  derived  from  Grindflia  eundfolia 
and  its  variety  paludosa,  growing  in  the  marshes  of  tipper  Califor- 
nia. The  leaves  are  cuneate  and  less  coriaceous  than  those  of 
Cf.  camporum.  but  the  akenes  are  similar. 

Allied  Plants. — Other  species  of  Grindelia  growing  in  the 
Western  United  States  and  Mexico  are  similarly  employed,  as  G. 
hirsitltih,  (he  stems  of  which  are  purjiHsh-red  and  pubescent;  and 
G.  glutmosa.  in  which  the  leaves  are  glabrous,  rounded  at  the 
apex  and  the  pappus  5-  to  8-toothed. 
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MARRUBIUM.— WHITE  HOREHOUND.— The  leaves 
and  flowering  tops  of  Marrubium  imigarc  (Fam.  LabiaUe).  a 
perennial  herb  (p.  368)  iiltligcnuus  to  EurojK:  and  Asia,  and  cul- 
tivated in  various  parts  of  Euro|)e  and  the  United  States,  l>eiiig 
naturalized  in  waste  places  from  Texas  and  Mexico  to  Maine 
and  Ontario. 

DEscRiPTinx. — Stem  quadran^lar.  yellowish-  or  p^yish- 
green.  3  to  5  mm.  in  diameter,  very  pubescent;  intemodes  2  to  5 
cm.  long.  Leaves  broadly  ovale,  opposite,  [.5  to  6  cm.  long.  8  to 
25  mm.  broad;  apex  obtuse;  base  acute  or  rounded;  margin 
coarsely  crenate:  upper  surface  dark  green,  pubescent,  veins 
depressed,  those  of  the  first  order  diverging  at  an  angle  of  about 
65"  and  branching  near  die  margin;  under  surface  grayish-green, 
very  pubescent,  veins  prominent ;  petiole  0.5  to  3  cm.  long,  very 
pubescent.  Flowers  sessile,  in  axillary  clusters;  calyx  tubular, 
about  5  mm.  long,  5-  to  lo-nerved,  very  pubescent  and  with  10 
recurved,  bristle-like  lobes :  corolla  whitish  or  light  brown,  about  7 
mm.  long,  upper  lip  erect,  entire  or  bifid,  lower  lip  3-lobed,  the 
middle  lobe  the  largest  and  cniarginatc:  stamens  four,  included. 
Nutlets  brownish-black,  ellipsoidal,  slightly  compressed,  about  1.5 
mm.  long,  nearly  smooth.  Odor  slight,  aromatic.  Taste  aromatic 
and  bitter. 

Constituents. — A  bitter,  somewhat  acrid  principle  marru- 
biin,  0.02  to  4  per  cent.,  which  forms  prismatic  crystals  and  is 
sparingly  soluble  in  water;  several  other  bitter  principles;  a  vola- 
tile oil ;  a  resin ;  and  tannin. 

Allied  Plants. — Black  horchoimd  or Marrubiiim  percgrinum. 
an  herb  of  the  old  world,  has  ovate  or  lanceolate,  dentate-serrate, 
grayish,  hairy  leaves  and  flowers  with  straight  calyx-lobes. 
BaJlota  nigra  (Fam.  Labiatse)  has  cordate,  rough-hairy,  dark 
green  leaves,  pale  purple  tlowers  and  a  disagreeable  odor.  Water 
horehound  or  Lycopus  europteus  bas  ovate-lanceolate,  lobed  or 
divided  leaves,  the  calyx  lobes  being  triangular. 

HEDEOMA.— AMERICAN  PENNYROYAL.— Tlie  leaves 
and  flowering  tops  of  Hedeoma  pulegioides  (Fam.  Labiatae),  an 
annual  herb  (Fig. '271)  indigenous  to  the  Eastern  and  Centra! 
United  States  and  Canada  (p.  369).  Pennyroyal  should  he  col- 
lected in  July  or  August  and  dried. 
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BMTr  Tc»»  fl<  dK  fine  af4er  ^wopoc  M  SB  < 
pctiofe  3  to  6  HBL  loai^  ««k 

ooweml  jfiihfy  vborb :  ol^x  tflfcriar.  akont  5  ■■n-  Iqhi&  ovqhI 
or  a%>*iy  CTCTBJ  OB  the  kiwM  adc»ttrtfae  baac  hiihiHr,  lyptr 

fip  j'^'^^'^I''^  Iffnr  1^  vJifc  cvo  Bmim  lumiiliii  ^imsiofis^  ij- 

f    ■       --    g-    —      -  -  -        .  ■  ^      »         -«■       ' 

iKTTca^  MMii^nHHBllf  Hrav*  pobcsgch;  caraBk  ****—*  ISK  siac 

01  the  caljrx.  pcupfidii,  pDRScnK,  '^y  ^  Sp  ctvcx.  hL  tstBf^^ou^ 

tiK  loficr  iprutfiof  anJ  j"*!*^*  iutde  Jtanens  tvo,  cxsdlcd, 

ascEMfin^  UK  sicfnc  Hppgr  pair  ijaui  ■Uli  ***^***  Anocts 
ncaHy  tpbcncal  or  orotd,  ahotit  015  imi.  m  cfiaflMtcr.  CMor 
stfQii|^<r  aionmk.    Taste  aroanbc 

CoJSiiiuEaiv — VobfeSe  oil,  &  biaa-  f  iiJpIc  and  taxnkm. 
The  dried  kare*  peid  abovt  3  per  cmt.  of  voCadle  oQ,  wfiile  the 
dried  stems  and  fesvts  vield  <mU  1.3  per  cent.  The  Tobtilc  oil 
b  oflkial  and  eoo&ists  dueflr  of  a  ketone  |mlegooe.  which  grrcs 
the  oil  its  peculiar  prDperlws.  The  oil  also  probaUT  oootains 
two  other  ketooes:  (a)  bcdeooaot  and  (b)  another  rescxnUing 
menthone.  Sevcra]  aods  hare  also  been  foand  in  tins  oil :  formic, 
aixtic  and  isohepryBc 

Alued  Plajosl — Mnuka  Pmlrgimm.  or  Enropean  penn>Toyal, 
appomtlr  contains  principles  similar  to  the  Aroerkan  penny- 
royal, and  is  distin^isheJ  frocn  the  latter  by  the  more  or  less  oval, 
serrate  Waves,  and  the  cjTtiose  inflorescence  and  four-k)bcd  corolla. 
The  oil  of  European  pennyroyal  closely  resembles  that  of  Hcde- 
oma  and  is  £req«entl>  substituted  for  iL 

Wiui  Mint  (Mentha  caiuuimsis)^  a  perennial  herb  common 
in  wel  places  in  the  United  States,  has  ovate-oblong  or  lanceolate 
leaves.  In  the  axils  of  which  whorls  or  globular  clusters  of  flowers 
arise.  The  plant  has  an  odor  of  pcnn>TO>al  and  yields  1.25  per 
cent,  of  a  volatile  oil  from  which  pule^one  and  th>-mol  or  carvacrol 
have  been  isolated. 

Watkr  Mixt  (Mentha  aquatica).  a  plant  found  in  wet  places 
from  New  Elngland  to  Delaware,  yields  about  0.34  per  cent,  of  a 
volatile  oil  having  the  odor  of  pennyroyal. 
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Oil  of  Russian  pennyroyal  contains  piilegone,  but  the  botanical 
origin  is  not  known. 

iMENTHA  PIPERITA.— PEPPERMINT.— The  leaves  and 
flowering  tops  ot  Mentha  piperita  (Fain.  Labiatx),  a  perennial 
herb  (Fig.  175)  indigenous  to  Europe,  naturalize<l  in  ihc  Eastern 
and  Central  United  States  and  Cana<la.  and  cultivate*!  in  Michigan 
and  New  York  (p.  370).  Peppermint  should  be  collected  during 
dry  weather,  in  August  and  September,  when  the  plant  is  in 
flower,  and  carffully  dried  and  preserved.  Peppermint  is  culti- 
vated in  Michigan  chiefly  for  its  volatile  oil.  This  State  produces 
annually  over  6,800  K.  of  peppermint  oil.  Waj-ne  County,  in 
New  York  State,  produces  1.480  K.;  Indiana  State,  1,280  K.,  and 
other  localities  about  400  K.  annually.  Japan  produces  alwut 
70,000  K.  anmially;  England,  9.000  K.:  France,  3,000  K. ;  Russia, 
1200  K.;  Germany,  800  K.,  and  Italy,  600  K. 

Deschipt ION. —Stem  ciuadrangular,  i  to  3  mm.  in  diameter, 
purplish-green,  with  scattered  deflexed  hairs,  internodes  1.5  to  5 
cm.  long.  Leaves  ovate-lanceolate,  opposite,  1.5  to  8  cm.  long. 
0.5  to  2.5  cm.  broad ;  apex  acute ;  base  acute  or  rounded ;  margin 
sharply  serrate ;  upper  surface  dark  green,  midrib  and  veins  rose- 
coloretl,  the  latter  diverging  at  an  angle  of  about  60**,  curving 
iipw^ard  and  uniting  near  the  margin;  umler  snrfacu  light  green, 
slightly  pul>escent  on  the  veins,  glandular-pulje.scent ;  petiole  4  to 
10  mm.  long,  slightly  pulK'.scetit.  InflDrescfnce  in  axillary  whorls 
or  in  compact  .spikes ;  peduncle  wanting  or  alxiut  3  mm.  long, 
pedicel  about  t  mm.  long;  calyx  tubular,  equally  s-toothed,  about 
2  mm.  long,  purplish,  glandular-punctate;  corolla  tubular,  nearly 
regular,  4-cleft.  alx>ut  3  mm.  long,  purplish  ;  stamens  four,  erect, 
distant.  Nutlets  elHpsoidal.  about  0.5  mm.  in  diameter,  blacki.th- 
brown.  Odor  aromatic.  Taste  aromatic,  followed  by  a  cooling 
sensation. 

Constituents. — Volatile  oil,  containing  50  to  60  per  cent,  of 
menthol,  about  1  per  cent.;  resin  and  tannin.  .American-  pepper- 
mint oil  consists  of  about  17  different  chemical  constituents,  a 
larger  number  than  is  found  in  any  other  oil.  The  most  impor- 
tant constituent  is  the  stearoptene  menthol,  of  which  40  to  45  per 
cent,  is  free  and  8  to  14  per  cent,  is  combined  in  vario\is  esters. 
Menthol  occurs  in  colorless,  acicular  crystals,  which  are  insoluble 
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in  water  bat  soluble  in  alcohol,  and  on  boUing  with  a  sulphuric 
acid  solution  (50  per  cent.)  it  becomes  of  a  deep  blue  color,  the 
arid  solution  becoming  brown.  American  peppeimint  oil  also  con- 
tains; Acetaldehy<le.  isovateraldehytle,  acetic  acid,  valerianic  acid, 
pincne.  phellandrene,  cincol.  l-limoncnc,  inenthone,  menthy! 
acetate,  menthyl  iso- valerianate.  nienthU  ester,  a  lactone  cadincTie, 
amyl  alcohol,  and  dimethyl  sulphide. 

English  peppennint  oil  is  very  highly  prized  on  account  of 
its  fine  aroma  and  pleasant  taste.  It  consists  of  50  to  60  per  cent, 
of  free  menthol,  3  to  14  per  cent,  of  menthol  combined  as  esters, 
and  y  to  12  per  cent,  of  menihone,  a  substance  capable  of  being 
transfonned  into  menthol.  This  oil  also  contains:  Phellandrcne. 
limoncnc,  cadincne,  acetic  acid  and  iso-valerianic  arid. 

Jafasese  peppermint  oil  is  obtained  from  Mentha  anrnsis 
pipcrasccns.  The  oil  has  a  bitter  taslu  and  consists  of  free  men- 
thol 65  to  85  per  cent. :  menthol  combined  as  esters,  3  to  6  per 
cent.:  ami  a  bodv  isomeric  with  borncol. 

MENTHA  VIRIDIS.— SPEARMINT.— The  leaves  and 
flowering  tops  of  Mcnilui  spUata  (Syn.  Mentha  Z'iridis)  (Fam. 
Labiatx).  a  perennial  herb  in<ligenous  to  Europe  and  cultivated 
and  naturalized  in  various  parts  of  North  America.  It  should 
be  collected  in  the  same  manner  as  peppermint  (p.  370:  Fig.  67). 

Spearmint  is  extensively  ailtivated  in  Michigan  and  New 
York,  these  states  producing  annually  about  500  K.  of  volatile  oil. 

DE.SCRIPT10N. — Oosely  resembling  peppermint  (see  Mentha 
Piperita),  but  the  stems  arc  usually  more  purple,  the  leaves  sessile 
or  nearly  so.  inflorescence  either  in  slender,  interrupted  cylindrical 
spikes  or  crowded  lanceolate  spikes;  odor  and  taste  aromatic, 
characteristic,  the  taste  not  being  followed  by  a  cooling  sensation. 

Constituents. — Volatile  oil  about  0.3  per  cent,  in  the  fresh 
leaves:  resin,  and  tannin.  American  oil  of  spcannint  consists 
of  about  56  per  cent,  of  carvone,  a  considerable  amount  of  1-limo- 
nene  and  possibly  also  1-pinene.  The  constituent  giving  the  oil  its 
characteristic  odor  is  not  known. 

AtLiEti  Plants. — Russian  spearmint  oil  is  obtained  from  an 
undetermined  plant  and  consists  of  Minalool.  50  to  60  per  cent,; 
ao  per  cent,  of  cineol.  5  to  10  i»er  cent,  of  1-carvone  and  possibly 
also  1-limonene. 
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German  si>canninl  oil  is  obtained  from  Mentha  crista,  winch 
is  regarded  as  a  cultural  variety  of  M.  arveusis.  The  plant  is 
si)aritiyly  naturalized  in  llie  Cnileil  States  from  Eurupc.  It  some- 
what resembles  M.  piffcrita,  but  is  distinguished  by  its  cuspid, 
irregularly  dentate  leaves.    It  yields  an  oil  containing  carvone. 

LOBELIA. — The  leaves  and  flowering  tops  of  Lobelia  iiiflata 
(Fam.  Campanulaceae;,  an  annual  herb  (I'ig.  272)  indigenous  to 
the  Eastern  and  Central  United  States  and  Canada,  and  cultivated 
in  Xew  York  and  Massachusetts  (p.  388).  Lobelia  should  be  col- 
lected after  a  portion  of  the  capsules  have  become  inflated,  care- 
fully dried  and  preserved. 

DESCHitTiiiN. — Stem  cylindrical,  somewhat  angular,  slightly 
winged,  light  brown,  with  numerous  spreading  hairs,  intemodes  2 
to  3  cm.  long.  Leaves  elliptical  or  ovate-lanceolate,  alternate,  4 
to  9  cm.  long,  8  to  .^o  mm.  broad ;  apex  aaite  or  aaiminate ;  base 
obtuse  or  acute;  margin  irregularly  denticulate,  the  divisions  with 
a  yellowish-brown,  gland-like  apex  :  upper  surface  yellowish-green 
or  light  brown  and  with  scattered  bristly  hairs:  under  surface 
light  brown,  with  numerous  bristly  hairs,  the  veins  of  the  first 
order  diverging  at  an  angle  of  about  55'  and  cur^'ing  upward  near 
the  margin;  petiole  either  wanting  or  alwut  l  mm.  long.  Inflor- 
escence in  leafy  spikf s ;  pedicel  about  3  mm.  long;  calyx  5-parted, 
about  5  mm.  long,  the  subulate  lobes  aix>ut  as  long  as  the  tube ; 
corolla  ^-parted,  tubtdar,  alxnit  as  long  as  the  calyx,  pale  blue, 
upper  portion  cleft  nearly  to  the  base,  the  lobes  on  cither  side  of 
the  cleft  erect  or  recurved,  the  other  three  united ;  stamens  with 
anthers  united  above  into  a  curved  tube;  stigma  2-!obcd,  ovary 
2-locuIar.  Fruit  an  ovoid,  inflated  capsule  5  to  8  mm.  long,  open- 
ing at  the  summit,  apex  with  the  remains  of  the  calyx.  Seeds 
numerous,  brownish,  somewhat  ellipsoirlal  or  ovoid,  about  0.7  mm. 
long.  c<narsely  reticulate.    Odor  slight ;  taste  mild,  becoming  acrid. 

Constituents. — An  amorphous,  acrid,  emetic  alkaloid  t/ibk- 
LINE.  which  decomposes  readily  on  beating,  and  is  contained  in 
greatest  amount  in  the  seeds ;  a  non-acrid  but  pungent  volatile 
oil  LOBELiANix;  a  colorles;}.  ta.stetess.  crystalline,  neutral  principle 
IXFLATIN,  which  is  intimately  associated  with  the  alkaloid:  and 
lobelic  acid,  which  is  combined  with  the  a1kaloi<l  lobcHne.  Lobe- 
l^CRix  is  regarded  as  the  lobelate  of  lolieline.    TJie  seeds  contain 
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AixrED  PijvNTS. — Red  lobelia  or  Oirdinal  flower.  Lobelia 
cardiualis.  and  blue  lobelia.  /..  syphilitica,  as  well  as  a  large 
number  of  other  species  of  Lobelia,  are  used  to  some  extent  in 
medicine.  Lobelia  iticotiaiitcfolia  of  India  and  Dclissca  Muminafa 
of  the  Hawaiian  islands  have  properties  similar  to  Lobelia  intlata. 

Adui.t^raxts. —  The  seeds  of  mullein  {Ferbascutn  Thaf'sns) 
are  commonly  used  as  an  adulterant  of  Lobelia  seeds,  but  are 
distinguished  from  them  bv  not  being  reticulate. 

CANNABIS  INDICA.— liAST  IXDL\N  HEMP.— The 
flowering  tops  of  the  pistillate  plants  of  Cannabis  satiivt  (Fam. 
Moraceje),  an  annual  herb  (Fig.  273)  indigenous  to  Central  and 
Western  Asia,  and  cultivated  in  India  and  other  tropical  coun- 
tries and  also  in  temperate  regions  for  the  fiber  and  seed  (p. 
255).  The  drug,  however,  is  obtained  from  plants  cultivated  in 
tropical  India.  The  flowering  tops  are  made  into  more  or  less 
compressed  masses,  forming  what  is  known  as  "  ganja "  or 
"guaaia,"  The  best  grade  of  ganja  is  obtained  from  unfertilized 
plants  grown  in  Bengal.  Tlie  leaves  may  be  collected  and  dried 
separately  and  constitute  what  is  known  as  "  bliang."  The  resin 
which  separates  from  ganja  and  bhang,  or  that  which  is  collected 
from  the  growing  plant,  constitutes  the  product  known  as 
"  charas  "  fp.  255).  Cannabis  saliva  has  become  naturalized  in 
the  Central  United  Slates,  and,  while  the  American  drug  was  at 
one  time  official,  is  now  hut  little  used  in  medicine.  Fniiting 
spikes  with  mature  seeds  should  be  removed. 

Descriition. — Usually  in  compressed  ma.sses  5  to  14  cm.  long. 
Stem  cylindrical,  ahotit  3  mm.  in  diameter,  longitudinally  fur- 
rowed and  wrinkled,  light  green,  pubescent,  inleriiodes  2  to  20 
mm.  long.  Leaf  digiiately  compound,  with  three  to  seven  linear- 
lanceolate,  nearly  sessile  leaflets,  apex  of  leaflets  acuminate,  base 
acute  or  cuneatc.  margin  deeply  serrate:  upper  and  under  sur- 
faces dark  green,  pubescent,  glandular,  veins  of  the  first  order 
diverging  at  an  angle  of  65°  and  terminating  in  the  teeth ;  petiole 
I  to  5  cm.  long.  Inflorescence  in  sessile  spikes,  each  flower  sub- 
tended by  an  ovate,  pubescent  bract ;  calyx  entire,  ovate  or  oblong- 
acuminate,  about  4  mm.  long,  dark  green,  pubescent,  split  longi- 
tudinally on  one  side,  somewhat  enlarged  at  the  base  and  folded 
around  the  ovary;  styles  two,  about  8  mm.  long,  filiform,  pubcs- 
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cent,  ovary  oblong,  about  i  mm.  long,  with  a  single  campylo- 
tropous  ovuJe.    Otlor  distinct.     Taste  slightly  acrid. 

Constituents. — i-rom  15  to  20  per  cent,  of  a  resin  (called 
caxnabin).  consisting  of  a  number  of  substances,  one  of  whidi. 


1^, 


'■■■^ 
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Flo.  173     S<oft<*lia  conticiifa:   A.  leaf:    B,  a  fnilt  thowlna  Ions  sulk  and  sHRhtlr 
tobcd  calyi:   C,  i-ortioo  o(  calyx  ibowing  brovlly  ncutc  lobcti.    D,  E.  tntuverM  MCtiont 

of  lead  stvuvir-L'   iipt^-r  cpid«riiiia  (•),   paliwidc  celU  Iij).  Ickac  twreachymB  (m),  oolWn* 
cbyma  !<■'  'crmU  H).  It bro vascular  bundle  witb  a  itnitfe  trachea  fv),  itoma  («>; 

F.  cpldcr  '  iwrr  surfica  khumiu;  ful()mg»  iluir  to  irregularity  of  the  outer  walla:  j 

O.  epiijei  1  I   iloTTia  Itotn   loift'cr  turface;     H,  Hlandular  harr*    ixvK»-h  are  only 

occnaionn'  l.  fraflntcnt  u(  leaf  sliuwinx  ai'tral  irachcir  it),  < '  ig  cryi^lo- 

rrytljilliri  t-nlcium  ^>xalat«  Id:    K,  t»o!ale<I  cryitali  of  t  <lc    wfitcli 

MWHtMinc^     . .  ..liireipttfa  tnun  >s  tu  jo  y»  in  -ttanjcttrr;    L,  truMt  -   -Iliq  abuwins 

tnchc*  witb  (litKuIato  tliickeiunti  IrJ.  aimple  pofn  Ip)  and  iiiiral  thiciidumt  it). 


CANNAniKOL  (cannabindon)  occurs  as  a  red,  oily  substance  and 
is  said  to  possess  the  into.xicatini::  properties  of  the  drug.  The 
drug  also  contains  0.3  per  cent,  of  a  yellowish  volatile  oil,  which 
consists  chiefly  of  a  sesquiterpene,  cannil>ene  and  a  stearoptene. 
A  similar  sesquiterpene  is  present  in  the  staminate  plant  of  Canna- 
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bis  gigantea.  The  non-flowcriiig  herb  vidds  about  1  per  cent,  of 
a  narcotic  volatile  oil  which  liaa  an  odor  that  is  not  unpleasant. 
Tlic  volatile  alkaloid  cannabinenc  is  supposed  to  be  triniclliylaniine. 

Allied  Drlv.s. — Tlic  alkaloids  hannine  and  hannalinc  arc 
foumi  in  the  seeds  of  Feganum  Harmala  (Fam.  Zygophyllaccsc) 
of  India,  and  have  narcotic  properties  similar  to  Cannabis  indiea. 

SCOPARIUS.— JJRUOM.— The  tops  of  Cytisus  ScofHirins 
(Fam.  Leguminosfle),  a  shrub  (p.  294)  indigenous  to  the  tem- 
perate i>arts  of  Europe,  and  naturalized  in  waste  places  from  \'ir- 
ginia  to  Nova  Scotia.  The  tops  arc  gathered  before  Ho\\cring  and 
are  used  in  the  fresh  condition,  or  they  are  dried. 

Uesckutiox. — Usually  cut  into  pieces;  branches  alternate, 
pentangular.  2  to  3  nun.  thick:  externally  dark  green,  with  5  yel- 
lowish-green wings  and  numerous  reddish-brown  cork  patches. 
the  younger  branches  somewhat  pubescent ;  fracture  short,  fibrous, 
or  of  the  larger  pieces,  tough,  splintery ;  internally  yellowish,  bark 
thin,  wood  slightly  porous,  pith  large,  about  1  mm.  in  diameter. 
Leaves  elliptical,  obovate,  simple  above,  5  to  10  mm.  long,  3  to  4 
mm.  broad,  digitately  trifoliate  below:  apex  of  both  leaves  and 
leaflets  acute ;  base  acute ;  margin  entire :  upper  surface  dark 
green,  nearly  glabrous :  under  surface  slightly  pubescent :  petiole 
wanting  in  the  simple  leaves  and  about  5  nmi.  long  in  the  com- 
pound leaves,  pubescent.    Odor  peculiar.    Taste  bitter. 

CoNSTiTL'ENTS. — .\  Volatile  liquid  alkaloid  sparteine  (0.03 
per  cent-V.  forming  crystalline  sails,  the  sulphate  of  which  has 
physiological  properties  similar  to  digitalin ;  a  yellow  crystalline 
principle  scoparin,  which  yields  picric  acid  on  treatment  with 
nitric  acid ;  volatile  oil :  tannin ;  ash  about  5  per  cent. 

Allied  Plants. — Several  plants  of  the  Leguminosae  are  used 
like  Scoparius.  Spanish  broom  is  obtained  from  Sf>artium  fun- 
caim.  a  shrub  indigenous  to  the  Mediterranean  region.  CoroniUa 
scorpioidi'S  yields  a  yellow  glucoside  coronillin. 

CHIIt.'VTA. — The  entire  plant  of  Sun'rria  Chirata  (Fam. 
Gentianaceae).  an  animal  herb  (p.  362)  indigenous  to  the  moun- 
tains of  Xorthem  India.  The  plants  are  collected  after  the  cap- 
sules are  fully  formed.  drie<!  and  made  into  bundles. 

DESCRlin"U)N. — U.sually  in  flat  bnndlt-s  tied  with  a  strip  of 
bamboo  and  al>out  i  M.  long,  15  cm.  wide  and  7  cm.  thick.    Root 
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jkoflK  7  BBL  diidc  near  die  inmu;  cotTvoSfy 
vrinlcfed,  viib  few  raodets;  mtamtfy,  hoik 
wl■lHl^  jiWTWt  2  nvn.  fhiflf„  wood  ycilov,  pactMH,  ist&aic  Sbeoi 
cjfindncilv  Watlenf  d,  yri<frM>y^*f  ahore,  gacfa  angle  widi  a  ifeoir^ 

pliih  twrjwn,  ioogratfioaBjr  wrakfed.  ufcmodes  3  f  ^  cbl  hm^; 
■miiiitlj  baiic  jdlowtsb-brovB,  wry  dna.  casxlr  m|iii  jMi  .  wmd 
ftBomiah,  sfigWr  povDos,  ndiate,  0.5  fo  1  mm.  tiack,  padi  kmoB- 
vcSow.  2  to  3  ma.  a  rfamrtrr.  casahr  sepfabie  fron  the  wood, 
soanttium  wamiag.  Leave*  opposite.  ovatc-laDoeofatt.  aboai  6 
CBL  loiig,  2.5  on.  ID  oiaBBeter;  apex  acianiiiale;  base  soibciwbbC 
*'*'pT**»^"i ;  nuf^pa  cuuie;  upper  aoa  *">«"f  »•  sornces  DrownttB- 
grrcn.  widno  pfominent  aad  wiui  ^  to  y  patauel  tatefal  vunSk 
InflovcKCDce  a  large  panide;  flovers  nmneraos,  regidar;  calyx 
aJbcMxt  4  mm.  ioa^  and  with  4  lanceolate  ditisiops;  coroQa  jieflow, 
route,  about  10  mm.  long,  with  4  bncrolate  lobes,  cadi  vrA  a 
pair  of  nectaries  near  the  base :  stamow  4,  interted  at  the  base  of 
the  corolla  tnbc ;  strle  sJender.  with  two  rvmnred  stigmas :  oranr 
l-locnlar.  w^  2  parietal  placentas.  Fruit  a  superior,  ovoid, 
pointed,  ydlowtsb-brown.  bkarpeUary.  urnlocnSar  capsak.  Seeds 
numcroos.  aaatropous.  socnewhat  oblong,  flattened,  about  a5  mm. 
loog.  testa  retscnbce;  embryo  small,  straight,  embedded  m  the 
endosperm.    Odor  si^ht     Taste  extremely  bitter. 

CojfsrrrrEXTS. — A  bitter  glucoside  chiratm,  which  is  precip- 
itated b>  tannin  and  %-ield*  on  hydrolysis  two  bitter  principles : 
opbeiic  acid  and  diiratogenin.  the  Utter  being  insohMe  in  water. 
Ophclic  acid  is  a  brown  hygroscopic  substance  which  is  readily 
soluble  in  water  and  alcohol  and  heatii^  with  Trommer's  reagent 
causes  the  deposition  of  yellowish  cuprous  oxide.  The  drug  also 
contains  resin,  tannin  and  4  to  8  per  cent  of  ash. 

Allied  Puaxts, — Other  »pecie»  of  Stprrrtii,  as  well  as  other 
bitter  plants  known  in  India  as  "  chiretta,"  Bnd  their  tny  into  the 
market,  but  arc,  however.  easi!v  distinguished  from  the  true  drug. 

SCt-TELLARIA.— SKLXLCAP.— The  dried  herb  of  Scu- 
ttthria  tateriAora  (Fam.  Labiatae).  a  perennial  herbaceous  plant 

; —Z  in  wet  places  in  the  Unite*!  States  and  Canada      The 

lijoms  from  July  to  September,  when  the  herb  sbouM  be 
coliectcd  (p.  368.  Fig.  180). 
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Descriftion. — Stem  quadrangular,  i  to  4  mm.  in  diameter, 
varying  in  color  from  yellowish-green  to  purplish-red.  mostly 
glabrous  below  and  hairy  above.  Leaves  ovate,  ovate-oblong,  or 
ovate-lanceolate,  opposite,  1.5  lo  8  cm.  long,  0.5  to  J.5  cm.  broad; 
apex  acme  or  acuminate:  base  acute,  rounded  or  sub-cordate; 
margin  coarsely  serrate:  upper  surface  dark  green,  glabrous; 
under  surface  light  green,  nearly  smooth,  veins  of  the  tirst  order 
diverging  at  an  angle  of  65",  curving  upward  and  anastomosing 
near  the  margin;  petiole  2  to  10  mm.  long.  Flowers  axillary  and 
solitary  above  or  in  i-si<led  racemes;  calyx  campanulate.  toothed, 
about  2  mm.  long;  corolla  white  or  blue,  about  6  mm.  long,  the 
limb  2-lippe<l ;  stamens  4.  didynamous.  hairy,  the  anthers  of  the 
upper  pair  with  2  pollen  sacs,  the  lower  with  one ;  style  unequally 
2-cIeft  and  ovary  deeply  4-partcd.  Fruit  consisting  of  4  ellip- 
soidal, distinctly  tuberculate,  light  brown  nutlets  alwut  i  mm. 
long,  borne  on  an  enlarged  torus  known  as  the  gyiwbase.  and 
enclosed  by  the  persistent  bilabiate  calyx,  the  upper  part  of  which 
becomes  helmet-shaped  after  fertilization,  whence  the  name 
"  Skullcap."    Odor  slight.    Taste  bitter. 

Constituents. — A  bitter  crystalline  glucoside  scutellarin ;  a 
small  quantity  of  volatile  oil.  of  which  Httle  is  known. 

Alljed  Plants.— Several  species  of  Scutellaria  growing  in 
the  United  States  are  sometimes  substituted  for  the  official  drug, 
nearly  all  of  which  have  the  flowers  in  terminal  panicled  racemes. 
Heart-leavetl  skullcap  {Sculcllaria  cordifolia)  is  densely  gland- 
ular imbescent,  even  the  corolla  being  hairy ;  Hairy  skullcap  {S. 
pilosa)  is  pubescent  below,  with  numerous  glandular  hairs  above, 
and  the  corolla  is  nearly  glabrous;  Hyssop  skullcap  [S.  iutegri- 
foiia)  has  linear  entire  upper  leaves;  in  Marsh  skullcap  {S. 
^alcricuhia)  the  flowers  occur  in  the  axils  of  the  nearly  sessile, 
narrow  leaves.  The  European  skullcap  {S.  altissima)  has  broad, 
ovate,  glabrous  leaves  and  terminal  |)anicles  of  blue  flowers. 

ScnsTiTUTES. — Scutellaria  cancscetis.  a  plant  growing  west 
of  the  Mississippi,  furnishes  much  of  the  drug  on  the  market. 
The  plant  is  more  robust  tlian  S.  lateriffora:  the  leaves  are  oblong, 
petiolate.  10  to  12  cm.  long,  3  to  5  cm.  broad,  very  hairy  on  the 
under  surface,  with  prominent  veins,  and  crcnate-dentatc  mar- 
gin :  and  the  flowers  are  large,  blue  and  in  terminal  racemes. 
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VII.      EXUDATIONS,    JUICES    AND   OTHER    PLANT    PKODUCTS. 

A  large  number  of  substances  are  used  in  medicine  which 
represent  to  a  jjreater  or  less  extent  the  constituenis  of  the  cells 
or  alteration  or  decomposition  prodiicls  ot  tbcni.  Tlicsc  incUtde 
exudations,  inspissated  juices,  extracts,  products  of  distiUatioii» 
etc.  The  exudatiou  products  of  niilk-vcssels  or  secretion  reser- 
voirs are  cliniinate<l  citlier  tlirough  natural  or  artificial  wounds 
of  the  stem,  and  they  are  collected  in  sjx'cial  receptacles,  as  in  the 
case  of  gamboge,  scammony  and  turpentine ;  or  they  are  allowed 
to  dn.'  and  more  or  less  harden  on  the  stem,  afterward  being  col- 
lected, as  acacia  and  (ragacanth:  or  the  more  or  less  plastic  or 
partially  dried  exudation  may  be  made  into  masses,  as  those  of 
lactncarium  and  opium.  These  products  may  be  grouped  accord- 
ing to  llieir  origin,  some  of  them  being  derived  from  the  Coniferac : 


I.  Natural  ExLTtAxioxs. 

Gummy  MU(i«lion»   {  [[[y/////,y//////////^[[rtms»c^^ 

Saccharine  exudation * 4,. Madua 

Itul&am ..;-...^. *»,,  .Stytmx 

Bnltuimic  resin -. Benioin 

Olco-reaiM / "••-   Tcrebinihina 

I ,,,   ....  TeTcbiDlhiiiH  umadcttftis 

Asafetida 

Uurorewns J   Cainljogia 

1 . .  Myrrha 

,.,,,, >>canimotiiiini 

.   .... (.•UBIOCUIU 

^"'ns ) ,...., Masticbe 

I  ..,,».*..  .r4^rf<«««<..Pi*  borgnndica 

...-,. J....- EUstica 

Milk-juices J , Lactucarjum 

^. .....<.. .......  b...()piam 


Carbohydrates .... 


Resinous  productK 


2.  An  Excbescence. 
Formed  as  a  resoll  of  the  puodurc  of  an  lusect 


.Galla 


3.  Amtificiallv  pRCPAJtEo  Pbdducts. 
Carboliydrate* — Surch  gcaini ., Amjrlum 


Noo-catbolivdriili^s  - 


\  Extract Gambir  or  CaJechn 


(inspissated  juices. .  ' ' 


.Aloe 
Kino 


PrxIuci  of  devlnunire  diHittaition Pin  Llnuida 

Residue  bom  Ifae  disUItatioo  of  rarpeotine Cotov>hony 
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For  convenience  in  study,  as  well  as  identification,  the  drugs 
of  this  class  may  also  be  grouped  as  follows : 

I.  Solid. 

1.  In  powder  form. 

White,  inodorous,  nearly  tasteless Amylum 

2.  In  tears  and  masses. 

A.  More  or  less  spherical  in  form. 

a.  In  tears. 

Whitish  or  yellowish- white,   mucilaginous Acacia 

Pale  yellowish  or  greenish-yellow,  resinous. .  .Mastiche 

b.  Excrescence. 

Somewhat  spherical    Galla 

B.  In  cylindrical  pieces. 

Grayish   orange-brown    Cambogia 

Blackish-brown   (see  seeds) Guarana 

C.  In  cubes. 

Dull  reddish-brown   ,  Gambir 

D.  In  quadrangular  pieces,  one  side  convex. 

Dull  reddish-  or  grayish-brown,  odor 
opium-like Lactucarium 

E.  In  three-sided  elongated  pieces. 

Yellowish-white,  odor  of  maple  sugar Manna 

F.  In  bands. 

Whitish  or  pale-yellowish,  mucilaginous Tragacantha 

G.  In  angular  fragments. 

Whitish,  inodorous  and  nearly  tasteless Amylum 

Amber-colored,  odor  terebinthinate Colophony  (Resina) 

Small,  dark,  reddish-brown,  brittle,  astringent  pieces.. Kino 
Greenish-gray  or  brownish-black,  odor 
peculiar  Scammonium 

H.  In  rounded  masses. 

Grayish-brown,  odor  distinct,  heavy Opium 

/.  In  irregular  -masses. 

Orange-brow^n  to  blackish-brown,  odor  distinct, 

taste  bitter  Aloe 

Dark  reddish -brown,  astringent Catechu 

Brownish-black,  elastic Elastica 

Greenish-brown,  odor  balsamic Guaiacum 

Reddish-brown  or  yellowish-brown,  odor 
terebinthinate  Fix  Burgundica 

41 
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I.  SoUA.— Continued. 

/.  In  irregular  masses  eomposed  of  matrix  and  fears. 

\Vhilit>h  tears,  matrix  yellowish-brown  or 
brownish -gray,   odor  alliaceous Asafetida 

Yellowish-brown  tears,  nialrix  rcddi»h-brown, 
odor  balsamic  Benzoinum 

K.  In  masses  composed  of  tears. 

Brownish-red  or  yellowish- brown,  balsamic Myrrha 

Yellowish,  terebinthinate   Tcrebinthina 

II.  Liquid  or  Semi-Liquid. 

Blackish-brown,  cmpyreunulic  and  terebinthinate Pix  Liquida 

Grayish,  balsamic Slyrax 

Pale  yellowish,  transparent,  terebinthinate.  .Tcrebinthina  Canadensis 


A^fYLUM.— STARCH.— The  starch  ^ains  obtained  from 
the  grains  of  wheat  {Triticum  sativum  and  its  varieties),  com 
{Zea  2\fays.  p.  228)  and  rice  {Oryca  sath^)'  (Fam.  Gramineac). 
The  grains  are  separated  from  the  cells,  purified  in  various  ways, 
and  subsequently  washed  willi  lar^c  quantities  of  water.  In  the 
U.  S.  Pharmacopoeia  com  starch  alone  is  recognized. 

In  the  preparation  of  corn  starch  the  corn  grains  are  softened 
by  being  placed  in  running  water  and  kept  at  a  temperature  of 
about  60°  C.  for  several  days,  care  being  taken  to  prevent  any 
fermentation.  The  grains  are  then  crushed  between  burr-stones 
and  the  paste  carried  by  means  of  water  to  large  sieves,  the 
strained  magma  then  being  rcground  and  carried  to  sieves  made 
of  bolting  cloth.  The  milky-fluifl  containing  the  starch  is  then 
run  into  settling  vats,  llie  starch  separating  out.  The  stardi 
is  then  freed  from  oil,  albuminoids  and  other  substances  by  treat- 
ing it  with  a  IS  per  cent,  sohition  of  caustic  soda.  The  super- 
natant liquid  is  removed  and  the  starch  washed  witli  water  to 
remove  all  traces  of  alkali.  The  starchy  mixture  is  allowed  to 
stand,  when  the  starch  separates  out  and  is  dried.  Commercial 
starch  is  likely  to  contain  some  free  alkali,  which  is  readily 
detected  by  the  addition  of  an  aqueous  solution  of  fuchsin,  which 
becomes  decolorized  immediately  in  the  presence  of  a  starch  con- 
taining free  alkali. 
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Corn  Starch. — In  fine  powder  or  irregular,  an^lar,  white, 
inodorous,  tasteless  masses ;  grains  somewhat  spherical,  but  usually 
polygonal,  with  a  lenticular,  circular  or  triangular  point  of  origin 
of  growth,  about  10  to  2^/1  in  diameter  (Fig.  31O.  O).  Cornstarch 
grains  differ  in  structure  in  the  different  varieties  (p.  229). 

Wheat  Starch. — Usually  in  a  fine  powder  consisting  of 
nearly  spherical  or  ellipsoidal  grains  with  point  of  origin  of 
growth  and  lamellae  more  or  less  indistinct,  about  15  to  40  /t  in 
diameter  (Fig.  316,  C). 

Rice  Starch. — Usually  in  a  grayish-white  powder  consisting 
of  minute  angular  grains  about  5  to  8  fi  in  diameter  and  with 
point  of  origin  of  growth  and  lainellse  indistinct. 

Starch  is  insoluble  in  cold  water  or  alcohol,  hut  forms  a  white 
jelly  when  boiled  with  water,  which,  when  cool,  gives  a  deep-blue 
color  with  iodine  and  should  give  a  neutral  reaction  to  litmus 
paper  (commercial  cornstarch  is  usually  alkaline)  ;  ash  not  more 
than  I  per  cent. 

Struciurk  of  Starch  (grains. — See  Figs.  95.  96,  97,  316,  317. 

Composition  of  Starcli  Grains. — See  p.  162. 

ACACIA. — GUM  ARABIC. — A  dried,  gummy  exudation 
from  the  stem  and  branches  of  Acacia  Senegal  and  probably  other 
species  of  .'J^ratifl  ( Fam.  Lcguminosae).  trees  (Fig.  153)  growing 
in  sandy  soil  and  forming  forests  in  tropical  Africa  (p.  294). 
The  gum  exudes  spontaneously  from  the  bark  of  the  tree  and  is 
apparently  formed  by  the  action  of  a  ferment  on  the  cell-contents 
as  it  does  not  contain  any  remains  of  cell  walls.  The  trees  arc 
also  incised,  which  increases  the  pro<luclion  of  gum.  The  more 
or  less  hardenefl  pieces  are  collecteil  and  then  sorted  into  different 
grades,  the  market  supplies  being  obtained  from  Egypt  by  way 
of  Alexandria  ( Kor<lofan  gum ) .  from  the  Soudan  by  way  of 
Suakin  ("  Turkey  sorts  "  and  "  Trieste  picked  "),  and  from  Sene- 
garnhia  by  way  of  the  port  of  St.  Louis.  The  Kordofan  gum  is 
considered  to  he  the  best. 

De.sckiition, — In  roundish  tears  of  variable  size,  or  broken 
into  angtilar  fragments;  externally  whitish  or  ycllowUh- white, 
with  numerous  minute  fi.<!surcs :  translucent:  ven»'  brittle,  with  a 
glass-like,  sometimes  iridescent  fracture;  nearly  inoflorous;  taste 
mucilaginous. 
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Acacia  u  not  soluble  io  alcohol,  but  is  conipletdY  sotaMe  in 
«3t«r;  the  vohrtion  i»  arJhtrnvc.  ^ves  an  add  reaction  with  btmos 
paper.  yteUU  a  gciatinowt  prectfMtate  with  basic  lead  acetate  solu- 
tion (Cjhatti  ^um  giring  fnit  a  slight  precipitate ».  fcrnc  chloride 
Of  OQncentrate<l  tolutiofi  of  sodium  borate  ( Mesquite  gum  is  not 
precipitated  by  any  of  these  reagents),  docs  not  gire  a  bluish 
or  reildish  color  with  iodine  (absence  of  artificial  gums  con- 
taining 1-tarch  or  dextrin),  or  a  brownish-black  precipitate  with 
ferric  chloride  (absence  of  gtim  of  Australian  specie*).  an<l  does 
not  reduce  Fchting's  solution  (absence  of  artificial  gums  con- 
taining fugars). 

The  powder  contains  few  or  no  altered  or  unaltered  starch 
grain*  or  vegetable  ti<.sues. 

Constituents. — A  cr>'siallinc  glucoside.  which  is  apparently 
arable  aciti  (arabin  or  gimimic  acid)  in  combination  with  cal- 
cium, magnc»ium  and  |XJtassiuiii,  and  which  constitutes  the  greater 
I>arl  of  ihc  gtmi ;  water,  12  to  ty  per  cent. ;  ash  2.7  to  4  per  cent. 

Alliku  Plants. — The  best  grade  of  gum  Arabic  (gum  Sene- 
gal) is  obtained  from  Acacia  Senegal  and  .L  glaucophylla.  both  of 
tropical  .Africa,  (iums  with  a  brown  or  red  color  are  obtained 
from  .f.  arabica.  A.  Scyat.  A.  stcnocarf*a  and  A.  Ehrenher^ianct. 
There  are  a  nnmlKT  of  gums  which  have  many  of  the  properties 
of  gum  Arabic,  as  Cai'E  gum,  from  A.  horrida  and  A.  Cirafftc: 
ArsTitAMAN  or  watti.k  gtim.  from  the  golden  wattle  (A.  pyc- 
ninttha),  tan  wattle  {.l.  dccurrcns)  and  ./.  homalophyUa.  Gums 
are  also  oblaiued  from  other  genera  of  the  Leguininos^e,  as 
MKiKjutTi:  gum.  from  rrosopis  juHHora,  of  the  Southern  United 
Sinteft  iind  Mexico. 

AiiULTKRANTs. — Various  species  of  Acacia  indigenous  to  tro]>- 
ical  Africa  and  Ausiraha,  as  well  as  Aitujieissus  latifoHa  (Fam. 
lonil>reiaci*;e)  (ihe  latter  being  the  source  of  the  so-called  Ghatti 
gmu),  yicUl  gums  which,  while  rcscnibling  true  acacia,  do  not 
respond  t"»  the  tests  given  above. 

An  iirlilicial  gum  has  been  prepared  by  liealing  starch  with 
sulphuric  acid  in  an  autwlave,  the  resulting  product  being  neu- 
Irali/ed,  washed  and  then  dried.  It  is  said  to  resemble  acacia  in 
appearance  and  adhesiveness. 

The  powder,  while  sometimes  adulterated  with  dextrin  and 
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rice  starch,  is  more  frequently  mixed  with  inferior  gums,  v»\}C- 
cially  the  Mesquite  gum.  The  tears  of  Mesqiiitc  gum  are  nearly 
smooth,  light  yellowish-brown  to  dark-brown,  more  or  less  opaque, 
but  translucent  and  glassy  when  fractured.  The  powder  is  uf  a 
whitish  or  grayish-white  color.  The  gum  is  further  distinguished 
by  not  giving  precipitates  with  lead  sub-actlatc.  ferric  chloride 
and  sodium  borate.  Mesquitc  forms  an  adhesive  muciUge  and 
can  be  used  as  an  emulsifying  agent. 

MASTICHE.— MASTIC— The  dried,  resinous  exudation 
from  Pistacia  Lentiscus  (Fam.  Anacardiaccse),  a  large  shrub 
(p.  321 1  indigenous  to  the  Mediterranean  region.  The  resin 
exudes  through  incisions  made  in  the  bark,  an<]  when  dry  is  col- 
lected.   The  chief  source  of  supply  is  the  island  of  Scio. 

Desckiptio.n. — Somewhat  globular  or  ovoid  tears  3  to  7  mm. 
long,  pale  yellow  or  greenish-yellow,  translucent,  having  a  glass- 
hkc  luster,  comparatively  free  from  a  whitish  dust;  brittle;  frac- 
ture conchoidal,  becoming  plastic  when  chewed;  odor  sHghl,  bal- 
samic :  taste  mild,  terebinthinate. 

Mastic  is  completely  soluble  in  ether,  acetone  and  volatile 
oils.  It  is  almost  ccmiplctely  soluble  in  alcohol,  the  solution  giv- 
ing an  acid  reaction  with  litmus  paper. 

OmsTiTUEVTS.^ About  90  per  cent,  of  a  resin,  consisting  of 
a-resin  (mastichic  acid  I,  which  is  soluble  in  alcohol,  and  ^-resin 
(masticin),  which  is  insoluble  in  alcoliol;  a  volatile  oil,  i  to  2.5 
per  cent.,  with  the  balsanu'c  odor  of  the  drug  and  consisting  chiefly 
of  d-pinene.  A  small  quantity  of  a  bitter  principle  is  also  present, 
which  is  soluble  in  hot  water  and  is  precipitated  by  tannin. 

Sandarac  (p.  81)  is  a  resin  which  somewhat  resembles  mas- 
tic. It  occurs  in  pale  yellow,  cylindrical  tears  which  are  brittle 
and  not  plastic  on  being  chewed.  It  is  soluble  in  alcohol  and 
ether,  and  only  partially  soluble  in  chloroform,  oil  of  turpentine 
and  carbon  disulphide.  Sandarac  consists  chiefly  of  resin  whidi 
is  composed  of  sandaracinic  acid,  sandaracinolic  acid,  sandaraco- 
pimaric  acid,  small  quantities  of  t\vo  other  resin  acids,  and 
sandaracoresene.  Tt  also  contains  about  1  per  cent  of  volatile 
oil  which  is  composed  principally  of  pinene. 

Allird  Pr.ANTS. — Various  other  s]>cctes  of  Pistacia  found  in 
India  and  yorthern  Africa  yield  resins  resembling  ma.stic.  Amer- 
ican mastic  is  obtained  from  the  Penivian  Peppcrtrce  {Schintts 
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Molie).     Similar  resins  are  found  in  other  genera  of  the  Ana- 
cardiacex,  as  Astronium  and  Setnecarfms. 

Chios  TuRrENTiNE  is  a  product  resembhng  mastic  which  is 
obtained  from  PuUachia  tcrebinthinus  (Fam.  Anacardiacca;)  and 
consists  of  10  to  12  per  cent,  of  a  volatile  oil  (consisting  chiefly  of 
pinenc)  and  80  to  90  per  cent,  of  rtsin. 

GALLA. — NUTGALL. — An  abnormal  <levelopment  on  the 
young  twigs  of  Qnercus  infectoria  (Fam.  CupuUfcrse),  due  to 
the  puncture  and  presence  of  the  deposited  ova  of  a  Hymenop- 
terons  insect.  Cynips  txnctoria.  'J'he  galls  are  coUectc<l  before  the 
maturing  of  the  insect,  and  are  obtained  principally  from  Aleppo, 
in  Asiatic  Turkey  (p.  252). 

Alei'po  G.\m.s. — Somewhat  spherical,  i  to  2  cm.  in  diameter; 
cxtenially  grayish-brown  or  dark  grayish-green,  more  or  less 
tuberciilate  above,  the  basal  portion  nearly  smooth,  and  con- 
tracted into  a  short  stalk,  sometimes  with  a  perforation  on  one 
side ;  heav)' ;  fracture  horny ;  internally  yellowish  or  dark  brown, 
consisting  of  a  central  portion  which  contains  starch,  and  occa- 
sionally the  partly  developed  insect,  and  an  outer  zone  which  is 
porous,  lustrous  and  occasionally  traversed  by  a  radial  canal. 
these  two  zones  being  separated  by  a  layer  of  nearly  isodiametnc 
slone  cells  or  parenchyma  cells  with  thick  cellulose  walls;  odor* 
"flight;  taste  strongly  astringent. 

CoN'sTiTi'F.XTS. — The  principal  constituent  is  tannic  acid, 
which  is  found  lo  the  extent  of  50  to  70  per  cent.;  the  drug  also 
contains  gallic  acid  2  to  4  per  cent,  starch  and  resin. 

Tannic  acid  (gallotannic  acid  or  digallic  acid)  is  a  yellowish- 
white  amorphous  substance,  with  a  characteristic  odor  and 
astringent  taste.  It  is  soluble  in  cold  water  and  alcohol :  forms 
amorphous  salts:  gives  a  blue  color  and  precipitate  with  ferric 
chloride ;  forms  a  soluble  compound  witli  iodine  and  prevents  the 
latter  from  giving  the  characteristic  reaction  with  starch. 

Twn  classes  of  tannic  acid  are  recognized,  depending  on  their 
Ixihavior  with  iron  salts  and  other  reagents:  (l)  Tannic  acid, 
giving  a  bluish  color  with  ferric  chloride,  as  that  of  Aleppo  galls, 
and  also  found  in  chestnut  {Castal^fa^,  pomegranate  {Punica) 
and  sumac  {Rhus)  :  (2)  tannic  acid,  giving  a  greenish  color  with 
ferric  chloride,  as  that  contained  in  oak  barks  (Qttercus).  cate- 
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chu  (Acacia),  kino  (Ptcrocarpus),  rhatany  {Kramcria),  canaigre 
{Rumcx),  tormentilla  [Pulenlilla)  and  mangrove  (Hhinophora). 

Gallic  acid  crNStallizes  in  silky  needles  or  prisms  which  are 
inodorous  and  possess  a  faintly  astringent  taste.  It  is  sparingly 
soluble  in  cold  water,  but  soluble  in  alcohol;  forms  crystalline 
comixjunds  with  the  alkalies,  alkaline  earths,  lead  and  cop|)er 
salts;  and  gives  a  bluish-hlaek  precipitate  with  ferric  chloride, 
which  is  soluble  in  acetic  acid  and  loses  its  color  on  boiling. 

There  are  three  stages  in  the  rlevelopmenl  of  galls  corres|)ond- 
ing  to  the  development  of  the  insect  and  during  which  the  com- 
position varies:  ( i )  When  the  galls  are  first  formed  and  the  larva 
is  beginning  to  develop,  the  cells  of  the  outer  zone,  as  well  as 
those  of  the  central  zone,  contain  numerous  small  starch  grains. 
(2)  When  the  insect  reaches  the  chrysalis  stage  the  starch  in  the 
cells  near  the  middle  of  the  galls  is  replaced  in  part  by  gallic 
acid,  while  the  colls  at  the  center  and  near  the  periphery  contain 
masses  of  tannic  acid.  (3)  When  the  winged  insect  is  develo]>ed 
nearly  all  of  the  cells  contain  amorphous  masses  nf  tannic  acid 
with  some  adhering  crystals  of  gallic  acid.  After  the  insect  has 
emerged  from  the  gall  the  constituents  again  undergo  change, 
depending  largely  on  the  presence  of  moisture,  when  the  tannic 
acid  is  changd  into  an  insoluble  oxidation  pro<!uct  and  the  gall 
becomes  more  porous,  constituting  the  so-called  white  gall  of 
commerce. 

Allied  Pl.-vnts. — On  a  number  of  species  of  Rhus,  galls  due 
to  the  stings  of  certain  plant  lice  (Aphis)  are  formed,  as  Chinese 
GALLS.  forme<I  on  Rhus  scniialata :  Japanese  galls,  formed  on 
R.  japonica,  and  Asierican  Rhus  galf-s,  formed  on  Rhus  glabra 
(l'\g.  164)  and  R.  kirta.  Giinese  and  Japanese  galls  are  very 
rich  in  tannin,  and  as  they  contain  less  coloring  matter  than  the 
oak  galls  are  used  in  the  manufacture  of  gallic  acid.  They  are 
more  or  less  irregular  in  shape,  but  somewhat  ovoid,  more  or  less 
tubcrculate.  grayish-brown,  very  hairy,  light  in  weight,  brittle. 
The  waM  is  about  I  mm.  thick,  and  the  cavity  contains  the  remains 
of  numerous  insects. 

American  nl*tgall.s  arc  formed  on  Qucrcus  coccinca  and 
Q.  imbricaria  by  Cynips  aciculata.  When  fresh  they  arc  globular, 
1.5  to  3  cm.  in  diameter,  and  of  a  yellowish,  somewhat  mottled 
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color.  On  dning  they  become  yellowish  or  dark  brown  and  much 
shrivelled  externally.  Texas  nut«au.s  arc  formed  on  the  live 
oak  {Querctis  vircns)  and  yield  40  per  cent,  of  tannic  acid. 
Califobxia  oak  baixs  are  excrescences  on  Qnercus  lobata  and 
are  about  5  cm.  in  diameter,  and  said  to  contain  considerable 
tannic  acid. 

Other  tannin-yielding  plants  are  found  in  the  following  fam- 
ilies: Combrctacese  (p.  348).  Leguminosae  (p.  292),  Myrtaceje 
(p.  346). 

CAMBOGIA.— GAMBOGE.— A  gum-resin  obtained  from 
Carcinia  Hanburyi  (Fani.  CJutlifera;),  a  tree  (Fig.  168)  found 
growing  on  the  Malabar  coast  and  in  Travancore  (p.  335).  Spiral 
incisions  arc  made  in  the  bark  of  the  trees,  and  the  gum-resin 
which  exudes  is  collected  in  hollow  bamboo  stems:  it  is  then 
allowed  to  dry  slowly,  after  which  the  bamboo  is  removed.  It 
is  chiefly  exporter!  by  way  of  Singapore  and  is  known  commer- 
cially as  pipe  gamboge. 

Descriition. — Tn  cylindrical  pieces,  frequently  hollow  in  the 
center,  of  variable  length,  2  to  5  cm.  in  diameter ;  externally  gray- 
ish orange-brown,  longitudinally  striate,  due  to  the  ridges  on  the 
inner  surface  of  the  bamboo  canes  in  which  they  have  been  dried; 
hard;  fracture  short,  the  fractured  surfacti  being  orange-red, 
waxy  anil  somewhat  porous :  inodorous  ;  taste  verj'  acrid. 

The  ptiwder  i.s  briglit  yellow,  slenuitalory.  and  contains  few 
or  nu  starch  grains ;  not  more  than  25  per  cent,  should  hf  insolu- 
ble in  alcohol.  The  resin  is  soluble  in  solutions  of  the  alkalies. 
with  the  production  of  an  orange-red  color. 

Constituents.— Gum  allied  to  arabin,  15  to  20  per  cent.;  a 
resin  known  as  cambogic  acid,  about  "5  per  cent. ;  a  volatile  oil ; 
ash,  I  to  3  per  cent. 

Cake  gamboge  is  collected  in  Saigon  and  Cochin  from  the 
same  plant  that  yields  pipe  gamboge.  The  product  is.  however, 
collected  in  leaves  and  then  allowed  to  dry.  It  occurs  in  irregular 
orange-red  masses,  weighing  i  to  2  K.,  and  is  not  so  brittle  as 
pipe  gamlwge,  but  is  less  uniform  in  composition  and  may  contain 
impurities. 

Aluf-O  Plants.— A  drastic  gum-resin  is  also  obtained  from 
Garciriia  Morella  and  other  members  of  the  Gitttiferse.  of  India 
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and  Malaya,  as  G,  coUina.  of  New  Caledonia ;  I'ismia  iaccifcra,  of 
Brazil;  Clusia  rosea,  of  the  West  Indies  and  South  America,  and 
Chtsia  macrocarf*a.  of  Guiana.  Gamboge  of  a  poor  quality  is 
obtained  from  Arasitta  Curgt,  of  India. 

Adulterants. — Gamboge  is  !K)metinics  adulterated  with  veg- 
etable fragments,  inorganic  substances,  as  sand,  etc..  and  wheat  or 
rice  flour,  which  it  may  contain  to  the  extent  of  nearly  50  per  cent. 

LACTUCARIUM. — The  dried  milk-juice  of  Lactuca  rirosa 
and  other  speeies  of  Lactiua  (Fam.  Com|X)sitje).  biennial  herbs 
(p.  392)  indigenous  to  Central  and  Southern  Europe  and  culti- 
vated in  France,  England  and  Germany,  certain  siwcies  being 
more  or  less  naturalized  in  the  United  States.  I-actucarium  is 
obtained  by  cutting  off  the  tops  of  the  stems;  and  when  the  latex 
which  exudes  is  partially  hardened,  it  is  collected  and  dried  in 
hemispherical  earthen  cups  until  it  can  be  cut  into  pieces,  which 
are  usually  four  in  number,  these  being  further  dried. 

Description. — In  irregular,  angidar  pieces  or  quadrangular 
sections,  one  surface  of  which  is  convex;  externally  dull  reddish- 
or  grayish-brown ;  fracture  tough,  waxy ;  intenially  light  brown  or 
yellowish,  somewhat  porous ;  odor  distinct,  opium-like ;  taste  bitter. 

Lactucarium  is  partly  soluble  in  alcohol  and  in  ether,  and 
about  50  per  cent,  is  soluble  in  water,  but  the  solution  should  not 
give  a  reaction  for  starch. 

Constituents. — Three  bitter  principles:  lactucin.  which 
occurs  in  white  rhombic  prisms  tliat  are  sparingly  soluble  in 
water;  lactucopicrin.  a  brown,  amorphous,  very  bitter  principle 
which  is  readily  soluble  in  water  and  alcohol :  and  lactucic  acid, 
a  yellow,  very  bitter  substance  crystallizing  with  difficulty  and 
colored  red  by  alkalies.  The  drug  also  contains  about  50  per 
cent,  of  a  colorless,  odorless  and  tasteless  crystalline  principle, 
lactucerin  (lactucon)  :  a-  and  /5-Iactucerol  in  the  form  of  acetates; 
volatile  oil ;  mannitol ;  organic  acids,  as  citric,  malic  and  oxalic, 
and  7  to  10  per  cent,  of  ash. 

A  mydriatic  alkaloid  has  been  found  in  Lactuca  z'irosa  and  in 
L.  muralis. 

MANN.\. — The  dried,  saccharine  exudation  from  the  stems 
of  Fraxittus  Ontus  ( Fam.  Olcacear),  a  small  tree  (p.  .^60)  indig- 
enous to  Southern  Europe,  where  it  is  also  cultivated,  particularly 
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in  Sicily.  Manna  is  obtainc!  by  makiiig  transverse  or  oblique 
incisions  in  the  bark,  the  exudation  flowing  down  the  side  of  the 
tree  where  it  hardens,  or  it  is  collected  in  special  recqitacles. 
Several  commercial  varieties  are  recognized :  large  fi-^ke  manna, 
consisting  of  light-colored  pieces  10  to  20  cm.  long;  and  small 
FLAKE  manna,  which  occurs  in  smaller  light  yellowish-brown 
pieces.    The  former  is  preferred. 

Description, — In  irregular.  3-sided,  more  or  less  elongated 
pieces,  one  side  being  smooth  and  concave ;  externally  yellowish- 
white;  friable,  somewhat  waxy;  internally  whitish,  porous  and 
aystalline ;  odor  suggestive  of  maple  sugar ;  taste  sweet,  slightly 
bitter  and  acritl. 

QiNSTiTUENTS. — The  principal  constituent  is  uaxnitol  (80 
to  90  per  cent.),  which  crystallizes  in  colorless  needles  that  are 
soluble  in  water  and  sparingly  soluble  in  alcohol :  on  sublimation 
it  yields  a  sweet,  5>Tiipy  liquid,  mannitan;  the  solutions  of 
mannitol  do  not  ferment  nor  is  it  decomposed  with  dilute  acids. 
Manna  also  contains  a  green,  fluorescent  glucosidal  principle 
FRAXlN  (resembling  iesculin),  which  occurs  in  bitter,  colorless 
prisms  that  arc  soluble  in  water  and  alcohol ;  dextrose,  as  high  as 
16  per  cent.;  mucilage;  resin,  and  1.3  to  4  per  cent,  of  ash. - 

Allied  Products. — A  number  of  other  species  of  Fraxinus 
indigenous  to  Europe  also  yieUI  manna.  The  term  "  manna  "  is 
applied  to  a  number  of  exudations  obtained  from  different  sources 
and  of  varying  composition,  none  of  which,  however,  appear  to 
be  supplied  as  a  substitute  for  true  manna,  although  they  might 
be  employe*!  in  a  similar  manner. 

Manna  of  inferior  quality,  known  as  "  sorts,"  is  obtained 
from  incisions  lower  down  on  the  stem,  and  consists  of  brownish- 
yellow,  more  or  less  agglutinated  tears,  which  are  sticky  and  but 
slightly  crystalline. 

The  leaves  of  a  mimber  of  species  of  Eucalyptus  (Fam.  Myr- 
tacese)  secrete  a  manna-like  carbohydrate,  as  E.  Guttnii  and  E. 
resinifera.  (See  in  this  connection  Coniferje,  p.  81:  I.egumin- 
0»ic.  p.  2y2;  Myrtaccc.  p.  346.) 

TRAOACAXTIIA.— TRAGACANTH.— A  gummy  exuvia- 
tion from  the  stem  of  Astragalus  giimmifer  and  other  species  of 
Astragalus  (Fam.  Leguminosne),  shrubs  (Fig.  152)  indigenous 
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COLOPHONY.— ROSIN  OR  RESIN.— The  residue  after 
the  distillation  of  the  crude  oleo-resin  (or  turpentine)  of 
Fimts  patitstris  anti  other  species  of  t'imis  (Fani.  Coniferae), 
everj^een  trees  (Fig.  47,  B)  indigenous  to  the  Southern  United 
States  (p.  81).  There  are  two  commercial  varieties  of  Colo- 
phony: (i)  one  which  is  amber  colored  and  derived  from  the 
oleo-resin  of  trees  tappe<l  for  the  first  time;  and  (2)  a  yellowi.sh- 
red  or  reddish-brown  variety  derived  from  the  oleo-resin  of  trees 
that  have  been  tapped  for  a  number  of  years.  The  former  kind 
is  preferred. 

Description. — Usually  in  sharp,  angular  fragments;  trans- 
lucent, amber-colored,  usually  covered  with  a  yellowish  dust.  hard, 
brittle,  pulverizahle,  fracture  shiny  and  shallow-conchoidal ;  odor 
and  taste  faintly  tcrebinthinatc. 

Resin  lias  a  specific  gravity  of  1.070  to  1.080,  and  it  is  soluble 
in  alcohol,  ether,  benzol,  carbon  disutphide,  acetic  acid,  fixed  and 
volatile  oils  and  in  solutions  of  potassium  or  sodium  hydrate. 

CoNSTiTLENTS. — From  80  to  90  per  cent,  of  an  anhydride  of 
abietic  acid,  which  on  treatment  with  alcohol  is  changed  itito 
abietic  acid,  which  latter  is  crystalline;  sylvic  acid,  which  is  prob- 
ably a  decomijosition  product  of  abietic  acid ;  ash.  about  1  per  cent 

W'HrTE  ROSIN,  prepared  by  agitating  melted  rosin  in  water, 
occurs  in  whitish,  opaque  masses,  due  to  inclusion  of  air. 

Rosin  is  not  infrequently  used  as  an  adulterant  of  other  resin- 
ous products,  as  of  Burgundy  pitch  and  Venice  turpentine.  A 
mixture  of  rosin  and  oil  of  turpentine  is  sometimes  substituted 
for  the  latter. 

SuusTiTiTE. — Clarctta  resin  derived  from  AzoreUa  compacta 
(Fam.  Umbellifene)  of  Chile  is  a  dark  resin  with  an  aromatic, 
acrid  taste,  which  contains  about  9  per  cent,  of  vegetable  tissues. 

Resins  are  a  class  of  substances  which  may  be  looked  upon 
as  final  products  in  destructive  metabolism.  They  result  from  the 
oxidation  of  oils  and  allied  products  and  usually  accompany  them, 
as  olco-resins,  gum-resins,  etc.  They  are  insoluble  in  water,  solu- 
ble in  alcohol,  acetone,  ether  and  similar  solvents,  and  burn  with  a 
yellow  flame,  fonning  considerable  soot.  .Several  kinds  of 
resins  are  recognized,  depending  upon  the  nature  and  constitution 
of  their  important  constituents: 
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(i)  Resinouc  Acii>  Resins  include  those  that  contain  a 
large  proportion  of  oxy-acids,  which  have  been  obtained  in  a  cr>'s- 
talline  condition,  as  abietic  acid  In  colophony;  copaivic  and  oxy- 
copaivic  acids,  in  copaiba;  K"3i3^"n'c  acid,  in  gualac;  pimaric 
acid,  in  Burgundy  pilch  and  frankincense ;  and  sandaracolic  acid, 
in  Sandarac. 

(2)  RESfNoL  Rk-sixs  are  alcoholic  or  phenolic  resms, 
a  number  of  which  have  been  crystallized,  as  benzoresinol,  from 
benzoin;  storcsinol.  from  styrax;  gurjuresinol,  from  gurjun  bal- 
sam; and  guaiacrcsinol,  from  guaiac  resin. 

( 3 )  Riisi NUTA N NuL  R ESI Ns  are  aromatic  derivatives  that 
behave  towards  iron  salts  and  some  other  reagents  like  tannin 
and  yield  picric  acid  on  oxidation  with  nitric  acid.  Tlie  follow- 
ing have  been  isolated :  Aloeresinotannol.  from  aloes :  ammoresino- 
tannol  and  galbaresinotannol.  from  ammoniac;  pcrurcsinotannol, 
from  balsam  of  Peru :  siaresinotannol  and  siimarcsinotannol,  from 
benzoin:  and  tolurcsinotamiol,  from  balsam  of  tohi. 

(4)  Rksese  Resins  fonn  a  group  of  resins  which  ai>pear  to 
be  associated  with  bitter  principles.  They  are  insoluble  in  alka- 
lies and  with  difficulty  acted  ujXin  by  reagents.  They  include 
alban  and  fliiavil,  from  gutta  percha ;  copalrescne,  from  copal ; 
damniaresene.  from  dammar;  dracorcsenc,  from  dragon's  blood; 
olibano rescue,  from  olibanum. 

(5)  GlA'COKESiNS  or  glucosidal  resins,  as  the  resins  of  jalap 
(p.  452)  and  scammony  (p.  657). 

Resins  occur  in  33  families  of  the  Spermophvtcs. 

KINO.— MAl«\HAR  OR  EAST  INDIAN  KINO.— The 
inspissated  juice  of  Plerocarpus  Marsuptuvt.  and  proljably  other 
species  of  I*terocarpus  (Fam.  Leguminosie ) ,  trees  tp.  2*^4) 
indigenous  to  Southern  India  and  Ceylon.  The  juice  exudes 
through  incisions  made  in  the  bark,  and  is  allowed  to  dry  in  the 
sun.  The  drug  is  exported  from  Madras  and  is  known  as  Mala- 
bar or  East  Indian  Kino. 

Dirscwii'TioN. — Small,  angular,  opaque,  black  or  reddish- 
black,  iranfluccnt,  glistening,  brittle  pieces,  nearly  free  from  dust; 
the  thin  laminse  appearing  transparent  and  ruby-red  at  the  edges; 
inotlnrous:  sweetish,  very  astringent  and  adhering  to  the  teeth 
when  clicwcd.  the  saliva  being  colored  red. 
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Kino  is  entirely  soluble  in  alcohol,  only  partly  soluble  in  cold 
water,  amj  not  less  than  80  per  cent,  should  be  soluble  in  boiling 
water,  the  solution  having  an  acid  reaction. 

Constituents. — Tannin.  40  to  80  per  cent.,  which  resembles 
catechutannin  and  gives  a  blackish-grccii  color  and  precipitate 
with  ferric  chloride,  a  viulel  culor  with  ferrous  sails,  and  the 
aqueous  solutions  of  which  deposit  on  exposure  to  air  an  insolu- 
ble, amorphous,  reddish  substance,  kino  red;  1.5  per  cent,  of 
kinoin,  a  colorless,  crystalline  substance,  which  is  sparingly  solu- 
ble in  water  and  yields  on  hydrolysis,  kino  red.  Kino  also  con- 
tains a  small  quantity  of  catechol  (pyrocalecliin),  kino  red.  gallic 
acid,  resin,  gum,  pectin,  13  to  15  per  cent,  of  moisture;  and  yields 
2  to  6  per  cent,  of  ash. 

Ai.LiEU  Products. — The  term  kino  is  applied  to  various 
astringent  plant  juices  which,  while  they  contain  ln,rge  amounts 
of  tannin,  do  not  appear  to  be  as  vaUiable  as  either  the  Malabar 
or  Australian  kino. 

Allied  Plants. — Australian  kino  (Red  gum  or  Kucalyptus 
gum)  is  obtained  from  Eucalyptus  rostrala  and  other  species  of 
Eucalyptus.  It  occurs  in  masses  or  small  fragments,  which  are 
of  a  ruby  or  garnet-red  color  (not  reddish-black),  somewhat 
dusty,  but  not  so  brittle  as  Malabar  kino.  It  contains  45  to  50 
per  cent,  of  tannic  acid;  kino  red,  and  catechin.  About  80  to  90 
per  cent,  is  soluble  in  cold  water,  the  solution  having  a  netitral 
reaction.  Australian  kino  seems  to  be  more  unstable  than  Mala- 
bar kino  and  is  converted  into  insoluble  kino  red,  particularly  if 
not  thoroughly  dried. 

Euc.^LYjTUS  KINO  IS  also  obtained  from  the  following  species : 
Iron-bark  tree  {E.  Lcucoxylon),  £.  C7»««iy,  E.  obliqua,  E.  f'if'er- 
ata,  E.  ficifolia.  E.  stcUutata.  E.  tnacrorhynclui,  E.  amy^^ifaliua 
radiala.  Several  species  of  Attgophora  vicld  a  kino  which  is 
wholly  soluble  in  alcohol  and  is  entirely  free  from  gum.  So-called 
HoTANv  Bay  (Australian)  kino  was  at  one  time  supposed  to  be 
obtained  from  Eucalyptus  rcsimfcra. 

t  Jamaica  kino  is  obtained  from  Coccoloba  uinfera  (Fam.  Poly- 
gonaceas.  A  number  of  other  India  species  of  Ptcrocarpns  also 
furnish  kino.  An  Akkicas  or  Gambia  kino  is  obtained  from  P. 
erinaceus.  of  Senegambia. 
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BcTEA  or  Bengal  kino  is  obtained  from  Butca  monosperma, 
a  tree  growing  in  Western  India  and  Farther  India. 

American  uracon's  bijood,  resembling  black  kino,  is  obtained 
from  F.  Uraco,  of  the  West  Indies  and  Guiana.  A  false  dragon's 
blood  is  obtained  from  Copaiba  Mopane,  of  Southwestern  Africa. 

A  lannin  resembling  kino  is  obtained  from  the  Jambul  tree 
{Sycyf^ium  Jambolana).  of  India.  Tannin  is  also  found  in  the 
root  bark  of  Jambosa  vulgaris,  of  the  East  Indies:  the  bark  of 
Myrttis  brabanlica,  of  Mexico  and  Peru.  A  tannin  and  a  color- 
ing principle  are  found  in  the  bark  of  M\rtus  Arayan.  of  Mexico 
and  Peru.  A  lannin  and  rcsiii  are  found  in  the  bark  of  Psitiium 
Guaja7a.  of  South  .\nierica  and  tlie  West  Indies ;  SpcrmoU'pis 
gummifera.  of  Xew  Caledonia,  and  the  Myrtle  tree  {Styrtus 
communist,  of  Southern  Asia  and  the  Mediterranean  region,  the 
tannin  in  the  latter  plant  occurring  in  larger  proportion  in  l!ie 
galls  which  are  produced  upnn  it. 

SCAMMOKIUM.— SCAMMONY.— A  gum-resin  obtained 
by  incising  the  root  of  Convolvuius  Scatnmonia  (Fam.  Convolv- 
ulaccT),  a  perennial,  twining  herb  (p.  3<Vil  indigenous  to  Syria. 
Asia  Minor  and  Greece.  The  incisions  arc  made  in  the  upper 
part  of  the  root  in  June,  and  the  exuding  gum-resin  is  collected 
in  musso!  shells,  the  product  from  a  number  of  roots  being  mixed 
together,  after  which  it  is  allowc*!  to  dry.  The  principal  points 
of  export  are  Smyrna  and  Aleppo.  The  natural  exudation  free 
from  extraneous  matter  is  known  as  native  or  virgin  scammony. 

Smyrna  Scammoxy. — In  circular,  llattencd  cakes.  10  to  12 
cm.  in  diameter  and  alwut  I  cm.  in  tliickness,  or  irregular,  angular 
pieces  of  variable  size ;  greenish-gray  or  brownish-black,  often  cov- 
ered with  a  grayish-white  powder,  formed  by  the  rubbing  of  the 
pieces  against  one  another  in  transportation ;  very  brittle ;  fracture 
sharp;  internally  porous,  lustrous  and  of  a  uniform  brownish- 
black  color,  being  more  or  less  translucent  in  thin  fragments  ;  odor 
peculiar,  somewhat  cheese-like;  taste  slightly  acrid. 

Scammony  is  easily  powdered  and  fonns  a  milky  emulsion 
with  water.  It  docs  not  effervesce  on  the  a<ldition  of  diluted 
hydrochloric  acid  ("absence  of  calcium  carbonate);  an  alcoholic 
solution  is  not  colored  blue  on  the  addition  of  tincture  of  ferric 
chloride  (absence  of  guaiac  resin) ;  ether  dissolves  not  less  than 
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Toper  cent,  (distinction  from  jalap  resin),  and  when  the  residue 
on  evaporation  of  the  ethereal  solution  is  dissolved  in  a  hot 
solution  of  potassium  hydrate  it  is  not  reprecipitated  on  the  addi- 
tion of  diluted  sulphuric  acid. 

CoNSTtTCENTS. — Ffom  75  to  95  per  cent,  of  a  glucosidal  resin 
(scammonin),  which  is  completely  soluble  in  ether;  gum,  5  to  8 
per  cent.;  ash,  not  more  than  3  per  cent.  Scammonin  is  appar- 
ently identical  with  the  resin  in  Ipomcca  orhabcnsis  anti  the  cthcr- 
soUible  Tcsin  in  jalap.  It  occurs  as  a  white  powder,  wliich  on 
treatment  with  alkalies  yields  the  glycoside  Scammonic  acid. 
The  latter  on  hydrolysis  decomposes  into  scammonolic  acid  and 
glucose.  An  anhydride  of  scammonolic  acid,  scamxkjnou  some 
valerianic  acid  and  sugar  are  formed  on  treating  scammonin  with 
mineral  acids.  The  peculiar  cheese-like  odor  of  the  resin  is  due 
to  the  formation  of  a  volatile,  fatty  acid  during  the  drying  process. 

Adulterants. — Scammony  is  adulterated  with  inorganic  sub- 
stances, various  starchy  products,  foreign  resins,  such  as  guaiac, 
and  an  extract  of  the  juice  of  tJic  root  of  Convolz'ttlns  aUhaoides, 
a  plant  indigenous  to  the  countries  bordering  on  the  Mediter- 
ranean. 

Allied  Plants. — A  resin  resembling  Scammony  is  also 
obtained  from  several  other  species  of  Convolvulus. 

MoNTPELLiER  ScAMMONV  is  the  natural  exudation  of  Mars- 
dcnia  crccta  { Fam.  Asclepiadacex),  a  plant  indigenous  to  South- 
em  Europe.  It  contains  50  to  60  per  cent,  of  starch,  10  to  21  per 
cent,  of  resin,  and  yields  11  to  18  per  cent,  of  ash. 

Scammony  Hoot  is  official  in  the  British  Pharmacopoeia.  It 
is  the  dried  root  of  C.  Scammonia.  and  occurs  in  large,  nearly 
cylindrical,  spirally  twisted  pieces  from  2.5  to  7.5  cm.  in  diam- 
eter :  externally  it  is  yellowish-gray  or  brownish-gray  and  is  longi- 
tudinally furrowed ;  the  fracture  is  coarsely  fibrous  from  the  pres- 
ence of  projecting  wood  fibers :  internally  it  is  whitish-gray,  with 
the  collateral  fibrovasciilar  bundles  in  radial  rows  forming  con- 
centric circles,  the  phloem  of  each  containing  numerous  dark 
resin  cells:  the  odor  is  like  that  of  jalap,  and  the  taste  is  first 
sweetish  and  then  acrid.  Scammony  root  contains  about  5  per 
cent,  of  the  glucoresin,  scammonin:  starch,  and  a  sugar.  It  is 
used  in  the  preparation  of  an  alcoholic,  resinous  extract,  known  as 
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Morphine  occurs  in  rhombic  prisms  or  fine  needles,  which 
are  nearly  insoluble  in  water  or  01!  of  anise,  and  sparingly  soluble 
in  alcohol,  and  it  forms  crvslallizable  sails  which  are  readily  solu- 
ble in  water,  the  solutions  being  laivorotalor)*.  On  (he  addition  of 
morphine  to  concentrated  sulphtiric  acid  containing  a  little  potas- 
sium dichromate,  little  or  no  change  is  produced  at  first,  but  ihe 
solution  later  becomes  of  a  green  color.  On  the  addition  first  of 
some  cane  sugar  to  morphine  and  tlien  of  concentrated  sulphuric 
acid  and  a  little  bromine  water,  the  solution  becomes  purplish-red. 
dianging  to  violet-blue,  blue-green  and  finally  a  dingy  yellow. 
Morphine  gives  a  bhie  color  with  dilute  solutions  of  ferric  chlor- 
ide, which  is  destroyed  on  heating,  and  it  gives  an  orange  or  red- 
dish color  with  nitric  acid.  On  heating  mnr])hine  in  a  sealed 
tube  with  hydrochloric  acid  a  new  salt  is  formed,  known  as  aio- 
MORPniNE  hydrochloride.  The  latter  occurs  in  minute,  nearly 
colorless,  monoclinic  prisms,  which  become  greenish  on  exposure 
to  air  and  moisture;  anil  the  solutions  are  colored  reddish  on  the 
addition  of  dilute  solutions  of  ferric  chloride.  Pseuihjmorphine 
is  a  crystalline  compountt  that  is  formed  on  heating  alkaline  .solu- 
tions of  moq^thine  with  oxidizing  agents.  It  is  insoluble  in  water, 
alcohol  or  even  dilute  sulphuric  acid,  but  is  readily  soluble  in  a 
solution  of  potassium  hydrate. 

Codeine  (or  methyl  morphine)  occurs  in  opium  to  the  extent 
of  0.5  to  2  per  cent.  It  forms  translucent,  octahedral  crystals  or 
rhombic  prisms,  which  are  soluble  in  alcohol  and  oil  of  anise; 
somewhat  soluble  in  water,  and  readily  forms  crystallizabic  salts. 
On  heating  codeine  with  concentrated  sulphuric  acid  the  solution 
is  colored  blue.  On  the  addition  of  concentrated  sulphuric  acid 
containing  traces  of  iron  or  nitric  acid  to  codeine  the  solution 
becomes  green,  changing  to  blue,  a  blue  precipitate  finally  separat- 
ing. Dilute  solutions  of  ferric  chloride  give  a  blue  color  with 
codeine,  which  is  permanent  if  the  solution  be  gently  warmed. 
Codeine  crystals  arc  colored  red  with  nitric  aci<l.  the  solution 
remaining  colorless  or  only  becoming  yellow  on  heating.  On 
heating  a  solution  of  codeine  hydrochloride  in  an  autoclave  with 
zinc  chloride,  an  amorphous,  yellowish-gray  powder  is  formed, 
which  is  known  as  apocodeine  hydrochloride,  and  which  has  the 
same  physiological  properties  as  apomorphine  hydrochloride. 
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alcohol  and  give  a  deep  red  color  to  solutions  of  ferric  chloride, 
which  is  not  altered  on  the  addition  of  dihite  hydrochloric  acid. 

The  yield  of  ash  in  Opium  is  from  4  to  8  per  cent. 

Pkhsiav  Opium. — Usually  in  masses  weighing  about  350 
grammes,  and  internally  more  or  less  homogeneous.  There  are 
(hrte  commercial  kinds  of  Persian  opium :  ( i )  Persian  green, 
which  is  in  plano-convex  masses  thai  arc  of  a  greenish  color  and 
with  a  closely  adhering  covering  of  leaf-tissue;  (2)  Persian  white, 
which  is  in  oblong,  cubical  masses,  that  are  coated  with  a  layer 
of  closely  adhering  white  paper;  {^)  Persian  red,  which  is  ia 
eitlier  oblong,  cubical,  or  truncate,  cone-like  masses,  tliat  are  cov- 
ered with  a  grayish-white  layer  and  usually  wrapped  in  red  pajier. 

Turkey  Oimi.  m  is  produced  in  various  parts  of  European  and 
Asiatic  Turkey,  and  there  arc  three  principal  kinds  on  the  market, 
namely:  (i)Malatia  opium,  which  is  in  the  form  of  ellipsoidal 
or  oblong,  flattened  cakes,  with  a  closely  adhering  coating  of  Icaf- 
tUsue,  and  yields  about  to  per  cent,  of  morphine;  (2)  Salonica 
opium,  which  is  in  the  form  of  long,  broad,  flattened  cakes,  coated 
with  leaf-tissue,  and  yields  about  15  per  cent,  of  morphine;  (3 J 
Gheve  opium,  which  is  obtained  from  plants  with  red  flowers, 
occurs  in  flat,  oval  masses,  wrapped  in  poppy  leaves,  and  yields 
12.5  per  cent,  of  morphine. 

Egyptian  Opium  is  in  flat,  nearly  square  masses,  that  are 
covered  with  poppy  leaves,  and  yields  from  3.5  to  7  per  cent,  of 
morphine. 

Indi.an  Opium  is  in  flat  cakes  weighing  about  200  grammes, 
or  rounde<I  masses  weighing  alwut  2  kilogranunes.  wrapped  in 
oiled  paper.    This  variety  is  sent  chiefly  to  China. 

Adulterants. — Opium  sometimes  contains  fragments  of  the 
capsules,  the  pidp  of  figs  and  other  fruits,  tragacanth.  starch,  and 
various  inorganic  substances,  as  clay,  sand,  stone,  lead  piping, 
lead  bullets,  etc.  While  starch  is  not  usually  admixed  with  Tur- 
key opium  it  is  nearly  always  present  in  the  Persian  variety. 

ALOE.— ALOES.— The  inspissated  juice  of  the  leaves  of 
various  species  of  Aloe  (Fam.  Liliacea?).  perennial  succulents 
(Fig.130)  indigenous  to  .\frica  and  India  and  naturalized  in  the 
West  Indies  (p.  237).  There  arc  three  principal  commercial 
varieties  of  aloes:    (l)  Socotrine  (and  Zanzibar)    Aloes,  derived 
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from  Aloe  Perryi,  and  probably  other  species  of  Aloe,  growing  on 
the  island  of  Socotra  and  in  Eastern  Africa,  and  exported  by 
way  of  Bombay;  (2)  Curasao  (and  Ilarbadoes)  Aloes,  obtained 
from  Aloe  chinensis  and  Aloe  vera,  growing  in  Curasao  and  other 
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I'lc.  ITS'  Cry«tsU  fmm  rxtirlntions  and  rxtract*  A,  cnttal^  found  in  (he  ivsiilue 
tlia  treatment  of  cstccbu  with  water;  B.  lotiK  prumi  nl  catcchin  Id)  found  on  ireatTOent 
of  eanibtr  wtlh  chloral  solution,  ibc  crystals  soon  ilissolvina.  and  pri!ini«iic  pistes  (e) 
UMulIy  K«n  in  Rlyccrin  tnounls  of  cacibtr;  C  CD'itftU  from  «loes,  IttcIuilinK  «loln  (a), 
bnwd  prisms  (bi  from  tJarbtidnei  aloes,  and  plates  Ic)  from  Cape  kIocs:  D,  crystah  of 
beaioic  add  obtaiacd  by  luttlitninii  beozoia  on  a  slide  or  in  a  watca  crystal. 

inlands  of  the  Dutdi  West  Indies;  and  (3)  Cape  and  Uganda 
Aloes,  obtained  probably  from  Aloe  ferox,  growing  in  Southern 
Africa,  and  exported  from  Cape  Town  and  Mossel  Ray. 
The  leaves  of  the  Aloe  plant  are  cut  transversely  and  the  juice 
which  exudes  is  allowed  to  evaporate   spontaneously,  it  being 
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:ttittaJly,  however,  concentrated  by  boiling  and  then  poured  into 
boxes  or  gourds,  and  occasionally  it  is  found  in  commerce  enclosed 
in  monkey-skins  (Fig.  275).  Socotrine  aloes  commands  the  high- 
est price.  The  latter  variety  when  fresh  has  an  unpleasant  odor, 
but  on  keeping  develops  an  odor  resembling  myrrh  and  safTron. 

1.  Socotrine  Aloes. — In  yellowish-brown  to  dark-brown 
opaque  masses,  or  smooth  and  glassy,  fracture  somewhat  conch- 
oidal;  odor  saffron-like;  powder  yellowish-brown  or  brownish- 
yellow,  giving  a  yellowish  or  reddish-brown  color  with  nitric  acid. 
About  50  per  cent,  of  socfitrint-  aloes  is  soluble  in  Cdld  water. 
It  is  almost  completely  soluble  in  fx)  per  cent,  alcohol  or  in  water 
at  lOO**  C.  On  cooling  the  latter  solution  there  separates  from 
40  to  60  per  cent,  of  the  so-called  "  resin  of  aloes."  which  is  solu- 
ble in  alkalies  with  a  red  color  and  is  reprecipitated  on  the  addi- 
tion of  acids.  About  36.6  per  cent,  of  aloes  is  soluble  in  chloro- 
form, and  from  4  to  5.5  per  cent,  in  ether,  the  solution  being  of  a 
yellow  color.  It  should  contain  not  more  than  8  per  cent,  of 
moisture  and  yield  not  more  than  4  per  cent,  of  ash. 

ZANzitiAK  AuiES  i.s  a  hepatic  (or  liver-colored)  variety  of 
Socotrine  Aloes,  produced  by  slowly  evaporating  the  juice  of  the 
plant.  It  comes  into  market  frequently  in  monkey-skins,  has  a 
dark  brown  color,  a  dull,  waxy  fracture,  and  a  nearly  smooth. 
even  surface.  It  is  crystalline  under  the  microscope  and  forms  a 
reddi-sh-yellow  powder  that  is  colored  dark  yellow  with  nitric  aciil. 

2.  Curacao  Ai.oes. — Orange  to  blackish -brown  opaque 
masses,  translucent  in  thin  pieces;  fracture  uneven,  waxy,  some- 
what resinous,  (.Hrcasionally  exhibiting  microscopical  crystals  of 
aloin ;  odor  distinct,  unpleasant ;  taste  nauseous,  bitter.  The  pow- 
der is  dark  brown  and  gives  an  imme<liate  deep  reddish  coIjOR 
WITH  cou)  NiTKic  ACiu  or  with  solutions  of  the  alkalies. 

About  70  per  cent,  of  Curatcan  Aloes  is  soluble  in  coKl  water. 
It  is  almost  completely  soluble  in  60  per  cent,  alcohol  or  boiling 
water;  on  cooling  the  solution  made  with  bniling  water  there  sep- 
arates from  40  to  60  per  cent,  of  "  resin  of  aloes."  which  is  sim- 
ilar to  that  of  Socotrine  aloes.  About  66.6  per  cent,  is  soluble  in 
chloroform  and  not  less  than  10  per  cent,  in  ether.  It  contains 
less  than  8  per  cent,  of  moisltiro  and  yields  from  1.5  to  4  per  cent. 
of  ash. 
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Jaffaradad  Aloes  is  a  vitreous  variety  obtained  from  the 
Kast  Indies  and  is  exported  from  Bombay.  It  occurs  in  circular, 
flattened  cakes,  of  a  deep  black  color  externally,  and  with  a  black, 
glossy,  slightly  porous  or  somewhat  laminated  fracture.  It  yields 
13  to  20  per  cent,  of  aloin,  which  is  apparently  chiefly  barbaloin. 
and  gives  a  tleep  crimson  color  with  nitric  acid. 

CATECHU. — An  extract  prepared  from  the  heartwood  of 
Acacia  Catechu  (Kaiu.  Leguminosae),  a  tree  (p.  294)  indigenous 
to  India  and  Uurniah.  and  front  the  leaves  and  twigs  of  Uncaria 
{Ourouparia)  Gambir  (Fam.  Rubiacex),  a  climbing  shrub  (p. 
381 )  indig"enous  to  Malacca,  Java  and  Sumatra  and  mostly  culti- 
vated near  Singapore,  the  former  being  known  a-s  "*  black  catechu  " 
or  *'  cutch."  and  the  latter  as  "  pale  catechu,''  "  gambir,"  or  "  terra 
japonica."  Tliese  extracls  arc  pre|>arcd  by  boiling  the  parts  of 
the  trees  and  shrubs  yieliliag  them  with  water,  evaporating  the 
strained  liquid  to  a  syrupy  consistence  and  allowing  it  to  harden. 

Black  Catechi:. — In  irregular  masses,  with  fragments  of 
leaves  or  mats  uptin  the  outside,  dark  brown,  somewhat  shiny; 
brittle,  more  or  less  porous  internally;  odor  slight;  taste  astrin- 
gent and  sweetish. 

Calcchu  is  somewhat  soluble  in  cold  water,  the  undissolved 
portion  containing  acicular  crystals  of  catecbin  and  rhoinlxihedral 
crystals  resembling  the  calcium  oxalate  crystals  found  in  wine: 
almost  entirely  soluble  in  boiling  water,  the  solution  giving  an 
acid  reaction,  a  dense  precipitate  with  copper  sulphate  and  a 
greenish-black  precipitate  with  dilute  ferric  chloride  solution; 
not  less  than  70  per  cent,  should  be  soluble  in  90  per  cent,  alcohol. 
Few  or  no  starch  grains  or  vegetable  tissues  should  be  present, 
and  the  ash  should  not  be  more  than  5  jMjr  cent. 

GAMniR  OR  Pale  Catechu. — I'suallv  in  more  or  less  porous 
irregular  cubes,  about  25  mm.  in  diameter ;  externally  dull  red- 
dish-brown; friable;  internally  paler,  consisting  chieflv  of  micro- 
8coi>ic  crystals  when  examined  in  a  drop  of  oil ;  odor  slight ; 
taste  bitter  and  very  astringent.  The  aciueous  sohition  gives  an 
intense  green  color  with  dilute  ferric  chhmde  and  docs  not  jield 
a  precipitate  with  copper  sulphate  solution. 

CoNSTtTUENTS. — Catcchutannic  acid,  25  (black  catechu)  or 
aa  to  50  per  cent,  (i)ale  catechu),  giving  a  green  color  and  pre- 
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cipitate  witli  ferric  chloride  and  in  other  respects  resembling  the 
tannin  in  oak  bark,  kino  am!  krameria ;  a  substance  somewhat 
resembling  gallic  acid,  catechin,  which  crystallizes  in  silky 
needles;  catechu-red;  quercetin  (p.  544),  and  ash  about  3  per 
cent.     Pale  catechu  contains  in  addition  a  fluorescent  principle. 

Allied  Puvnts. — Black  catechu  is  also  extracted  from  the 
wood  of  .'Uacia  Suma,  of  India.  The  barks  of  a  number  of  spe- 
cies of  Acacia  growing  in  Australia,  and  known  as  wattle 
DARKS,  are  used  in  the  preparation  of  an  extract  resembling  black 
catechu.  The  tannin  of  Acacia  arabica  and  of  several  species  of 
Ctcsatpinia  yield  un  hydrolysis  gallic  and  ellagic  acids, 

A  tannin  resembling  catechu  is  obtained  from  the  bark  of 
Etigciiia  Sifiithii  (Kam.  Alyrtacea;),  of  Australia.  A  catechu- 
like extract  is  obtained  from  the  bark  of  tlie  Mahogany  Tree 
{Szi'iftt'fiia  MahQgi>ni)y  one  of  the  MeHacc«e,  of  the  West  Indies 
and  Peru. 

An  extract  (known  as  Thax),  prepared  from  Terminalia 
Oiivtri  (Fain.  Combrctaccje).  a  large  tree  growing  in  the  dry 
regions  of  the  Irrawaddy  Valley,  is  used  to  adulterate  Catechu.  It 
contains  a  dark  red  coloring  principle,  but  apparently  no  tannin, 
although  the  latter  has  been  reported  as  occurring  to  the  extent 
of  between  14  and  68  |>er  cent. 

Mangrove  extract  is  sometimes  sold  for  catechu  (p.  346). 

ELASTIC  A.— CAOUTCHOUC,  INDIA-RUBBER.— The 
latex  or  milk-juice  of  He^'ea  brazifiensis.  and  probably  other  spe- 
cies of  Hc\'ea  (Fani.  Euphorhiacea*),  trees  indigenous  to  Brazil 
(p.  316).  The  niilk-jnice  is  obtained  by  making  incisions  in  the 
bark  of  the  tree  and  is  collected  In  small  cijps  fastened  to  the 
trees.  Tliis  is  then  poure^l  into  a  larger  vessel  in  which  is  placed 
a  wooden  paddle.  The  latter,  with  adhering  latex,  is  dexterously 
revolved  in  an  open  fire  until  coagulated,  new  material  being  added 
from  time  to  time  until  flask-shaped  masses  are  formed,  whirfi  are 
then  removed,  and  constitute  the  commercial  article  known  as 
"  bolacho."    The  best  grade,  known  as  Par.i  Rublwr,  is  official. 

Descrii>tion. — In  elastic  flask-shaped  masses  or  pieces  of 
varying  form  and  size;  light,  floating  in  water;  externally  brown- 
ish to  brownish -black  ;  internally  brownish,  consisting  of  a  numl>er 
of  thin,  alternate  light  and  dark  layers,  due  to  the  superimposed 
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coats  of  latex  fonneil  during  the  dn'ing  process;  odor  slight, 
empyrcumalic ;  nearly  tasteless. 

Caoutchouc  is  insoluble  in  water,  dilute  acids,  or  dilute  solu- 
tions of  the  alkalies;  more  or  less  soluble  in  chloroform,  carbon 
disulphide,  oil  of  turpentine,  benzin  and  benzol.  Tt  melts  at  about 
125"  C  remaining  soft  and  adhesive  after  cooling. 

Constituents. — Caoutchouc  consists  chiefly  of  two  hydro- 
carbons, one  of  which  is  ductile  and  readily  soluble  in  chloroform, 
and  the  other  elastic  and  less  soluble  in  chloroform ;  it  also  con- 
tains I  to  2  per  cent,  of  resin,  volatile  oil.  etc. 

Ai-Lurn  Plan'ts. — African  rubber  is  obtained  from  several 
species  of  Landolphia  and  Kichsia  africana  (Fani.  jXpocynaceje). 
Bahia  rubber  is  derived  from  Hancomia  speciosa  (Fam.  Apocy- 
nace<c).  Cextil\l  American  or  Panama  rubber  is  obtained 
from  Castilloa  clastica  (Fain.  Mi)raceac).  Cf.ara  rubber  i-S  the 
product  of  Manihot  GlaziovH  (Fam.  Euphorbiaceae).  East  India 
rubber  is  the  product  of  the  commonly  ciiltivatetl  rubber  plant, 
Ficus  clastica  (Fam.  Moraccar).  Pknang  or  Hoknkcj  rubl>er  is 
the  product  of  several  species  of  Urceola  (Fam.  .Apoc>-nace2C). 

Vl:I.CANIZ.^TloN  OF  RirmiER. — Caoutchouc  retains  its  elastic 
and  other  properties  and  is  not  affected  by  heat  if  it  is  first  purified 
and  then  mixed  with  sulphur  or  sulphides.  Ordinary  rubber 
articles  arc  prepared  in  this  manner.  Hard  rubber  articles  are 
manufactured  from  Borneo  rubber,  to,  which  colophony,  gum 
batata  and  caoutchouc  arc  added :  a  number  of  mineral  substances 
being  arhlcd  10  chcajwn  as  well  as  to  color  the  final  product. 

GUAIACUM.— GUAIAC  RESIX.— A  resin  obtained  from 
the  stem  and  branches  of  Guaiacum  officinale,  a  small  tree  grow- 
ing in  Florida,  the  .Antilles  and  Northern  South  America,  and 
Guaiacum  sanctum  (Fam.  Zygophvllaceie).  indigenous  to  the 
West  Indies  and  the  northern  part  of  South  America.  The  resin 
cxutles  spontaneously  or  is  obtained  from  incisinns  in  the  bark  or 
by  heating  the  fallen  inmks.  The  commercial  article  comes  chiefly 
from  Cuba  and  Hayti.  The  resin  obtained  from  trees  growing 
in  the  Bahama  Islands  is  most  highly  esteemed  (p.  303  ;  Fig.  156). 

Dksckii'TIon. — Usually  in  irregular  masses;  externally  green- 
ish-brown, frequently  covered  with  a  greenish  powder;  brittle, 
the  fracture  having  a  glassy  luster  and  being  yellowish-green  or 
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reddish-brown  and  more  or  less  transparent  in  thin  pieces ;  fusible; 
«lor  bnlsamic;  taste  somewhat  acrid. 

Tlie  puwder  of  ^laiac  is  of  a  grayish  color,  but  becomes  green 
on  exposure  to  the  air,  and  on  heating  gives  off  an  odor  of  l)en- 
2oin.  It  is  readily  sohiblt-  in  ether,  alcohol,  chlorofonn,  solutions 
of  the  alkalies  or  cliloral  hydrate.  It  is  sparingly  soluble  in  ben- 
zol, fixed  or  volatile  oils.  T!ie  alcoholic  solution  has  a  brown 
color,  which  is  changed  to  blue  by  the  addition  of  ferric  chloride, 
or  oxidizing  agents  ^as  chromic  acid  or  ozone)  or  through  the 
action  of  chlorine,  bromine  or  iodine.  An  alcoholic  solution  of 
giiaiac  is  colored  blue  by  enzymes.  The  blue  color  is  destroyed  on 
the  addition  of  reducing  substances. 

CoNSTixrENTS. — Scvcral  acids  arc  present,  including  guaia- 
conic,  guaiarctic,  guaiacrcsin.  guaiacinic,  and  guaiacic.  Guaia- 
coNic  acifl  (alpha  resin)  occurs  to  the  extent  of  50  to  70  per 
cent.,  and  forms  a  brown  powder  which  is  insoluble  in  water, 
soluble  in  alcohol  and  gives  a  hhic  color  with  nitric  acid  and  other 
oxidizing  agents;  and  on  dry  <listillation  j*iclds  guaiac  oil  and 
pyroguaiacin.  Recent  investigations  show  that  guaiaconic  acid 
consists  of  two  crystalline  substances:  a-guaiaconic  acid  and 
^-guaiaconic  acid.  The  latter  crystallizes  in  rhombohedra  and 
does  not  give  a  blue  color  with  oxidizing  agents.  When  a  solution 
of  a-guaiaconic  acitl  in  chloroform  is  treated  with  lead  peroxide 
iiUAiAC  Ki-t'E  is  formed,  which  may  be  obtained  as  a  blue  mass 
with  metallic  luster  on  evaporating  the  chlorofomnc  solution. 
On  reduction  with  sulphurous  acid  it  is  changed  to  o-guaiaconic 
acid.  GiAiAKicric  acid  (about  10  per  cent.)  occurs  in 
colorless  needles  and  forms  crystalline  salts  with  the  alkalies. 
Gi'MAcwi-siN  acid  occurs  in  white,  shining  plates  that  are  soluble 
in  alcohol  and  give  on  dry  distillation  tlie  same  products  as  guaia- 
conic  acid.  GI'AIACinic  acid  (beta  resin)  occurs  as  a  yellowish- 
brown  jiowder  and  yields  on  dry  flistillation  tiglic  aldehyde  (di- 
methyl acrolein).  Gi.AtArir  acid  forms  colorless  needles  which 
are  soluble  in  water,  hut  probably  does  not  occur  in  die  natural 
pro<liict.  being  in  (he  nature  of  a  decomposition  product.  Guaiac 
resin  also  contains  a  yellow  coloring  jyinciple,  gl'MAC  yeij-ow 
(about  0,7  per  cent.),  which  occurs  in  light  yellow,  hard  octa- 
hedra  that  arc  sparingly  soluble  in  hot  water  and  give  a  blue  color 
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uinc  asticle.  and  also  by  the  formation  of  a  turbid  mixture  on  the 
addition  of  two  parts  by  \veig:ht  of  glacial  acetic  acid. 

Alliep  i*i„\NTs. — Canada  (or  Hemlock)  IMtcli  is  the  oleo- 
resin  of  the  common  Hemlock  [Tsuga  {Abies)  canaticnsis] 
which  is  obtained  by  making  incisions  in  the  tnink  and  collect- 
ing the  exudate,  or  by  boiling  pieces  of  the  wood  and  bark  and 
skimming  ofT  the  melted  oleo-resin.  It  occurs  in  dark,  reddish- 
brown,  opaque  or  translucent  pieces  resembling  Burgundy  Pitch, 
and  probably  contains  similar  constituents. 

ASAFETIDA. — A  gum-resin  obtained  from  the  root  of 
Ferula  fccthla  and  other  species  of  I-'ernla  (Fam.  L'mbelliferse), 
perennial  herbs  (p.  352)  indigenous  to  Eastern  Persia  and  West- 
ern Afghanistan.  Asafettda  is  obtained  by  incising  the  crown 
of  the  root,  when  the  gum-resin  exutles,  hardens  and  is  then 
scraped  from  the  root.    It  is  exported  by  way  of  Uonibay. 

DESc:Ra>TioN. — In  irregular  masses  composed  of  tears,  from 
I  to  2.5  cm.  in  diameter,  which  when  fresh  are  tough,  yellow- 
ish-white and  translucent  or  milky  white  and  opaque,  changing 
gradually  to  pinkish  and  finally  reddish-brown,  and  becoming,  on 
drying,  hard  and  brittle:  internally  yellowish  and  translucent  or 
milky  white  and  opaque;  odor  persistent,  alliaceous;  taste  bitter, 
alliaceous  and  acrid. 

Asafetida  _\ields  a  milk-white  emulsion  when  triturated  with 
water,  which  becomes  yellowish  on  the  addition  of  solutions  of 
the  alkalies.  Treated  witli  strong  hydrochloric  acid,  the  filtrate 
gives  a  blue  fluorescence  on  nmking  it  alkaline  with  ammonia 
water  (distinguishing  it  from  ammoniac).  The  freshly  fractured 
surface  gives  a  greenish  color  on  the  application  of  a  few  drops 
of  40  per  cent,  nitric  acid  solution  (distinguishing  it  from  gal- 
banum).  Not  less  than  40  to  50  per  cent,  should  dissolve  in 
alcohol. 

Co.vsTiTCENTS. — About  6o  pcr  cent,  of  a  reddish-brown  amor- 
phous KEsiN  (consisting  of  the  ferulaic  ester  of  asa-rcsinotannol) . 
yielding  on  dry  distillation  umbclliferone :  on  treatment  with  sul- 
phuric acid,  resorcin.  and  on  fusion  with  potassium  hydrate,  pro- 
tocatcchuic  acid :  from  3  to  6.7  pcr  cent,  /if  a  vrp|.,\TTLE  oil.  con- 
sisting in  part  of  he.xenyl  sulphide,  hexcnyl  disulphide.  pinenc  and 
cadincnc,  and  to  which  the  odor  of  the  drug  is  due;  about  1.28 
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per  cent,  of  feuix.mc  acid  (chemically  related  to  vanillin,  eugenol 
and  cinnamic  acid  J,  which  occurs  in  iridescent,  tasteless,  odorle^ 
needles  and  yields  on  fusion  with  potassium  hydroxide,  acetiCt 
oxalic  and  protocatechuic  acids.  The  drug  also  contains  0.06 
per  cent,  of  vanillin ;  0.60  i>er  cent,  of  free  asa-resinotannol,  and 
formic,  acetic,  valerianic  and  malic  acids;  and  ash  5  to  10  per  cent. 

ADLiLTiiKANTs. — Asafetida  frequently  contains  fragments  of 
vegetable  tissues,  red  clay,  sand  and  stones:  it  is  sometimes 
aduheratcd  with  dirty  white,  gritty  masses  of  gypsum,  at  other 
times  with  barley  or  wheat  flour  or  translucent  gums.  Recently 
it  has  been  adulterated  with  pieces  of  rose-colored  marble. 

BENZOINX'M.— BENZOIN.— A  balsamic  resin  obtained 
from  Styyiix  Benzoin,  and  jiroliahly  other  species  of  Styrax  (Fam. 
Styracca;).  trees  (p.  360)  imligL-nous  to  Java,  Sumatra  and  Siam. 
The  resin  Hows  from  incisions  made  in  the  bark,  hardens,  and  is 
then  collected,  the  conmiercial  varieties  l>eing  known  as  Siam 
and  Sumatra  Benzoin,  the  fonner  being  preferred.  The  compo- 
sition of  the  resin  varies  according  to  the  age  of  the  tree,  the 
youngest  trees  yielding  the  best  product.  The  constituents  of  the 
commercial  resin  are  not  found  in  the  tissues  of  the  tree,  but 
appear  to  develop  as  a  pathological  product  due  to  an  injury  of 
the  trees  resulting  from  the  manner  of  incising  the  bark,  although 
probably  the  exposure  of  the  resin  to  the  air  has  an  influence  on 
the  constituents. 

Si7MATR.\  Rkxzoin. — In  irregular  masses  composed  of  yel- 
lowish or  reddish-brown  tears  of  variable  size  and  a  reddish- 
brown  and  translucent  or  grayish-brown  and  opaque  matrix:  brit- 
tle, the  tears  internally  lioing  milky  while;  becoming  soft  on 
%varming.  and  yiekling  benzoic  acid  on  sublimation:  odor  agree- 
able, balsamic,  rescmblinij  that  of  styrax ;  taste  slightly  aromatic. 
About  80  per  cent,  is  soluble  in  a  solution  of  potassium  hydroxide 
or  in  95  per  cent,  alcohol, 

Siam  Bknzoin  occurs  in  concavo-convex  tears;  it  has  a 
vanilla-like  odor  and  is  almost  completely  soluble  in  solutions  of 
the  alkalies  or  in  alcohol :  it  is  further  distinguished  from  the 
Sumatra  \'ariety  in  not  gcontaininp  cinnamic  acid,  and  therefore 
does  not  yield  benzaldehyde  on  boiling  an  aci<lulated  solution  with 
potassium  permanganate. 
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Constituents  of  Sumatra  Benzoin. — About  75  per  cent. 
of  a  resinous  substance,  benzoresin,  which  consists  of  two  esters: 
(a)  an  ester  of  cinnamic  acid  and  resinotannol  (92.6  per  cent), 
and  (b)  an  ester  of  cinnamic  acid  and  bcnzorcsinol.  Benzoresin 
on  decomposition  yields  30.3  per  cent,  of  cinnamic  acid,  64.5  per 
cent,  of  RESINOTANNOL,  which  is  soluble  in  a  concentrated  sodium 
salicylate  solution,  and  5.2  per  cent,  of  benzokesinol. 

Sumatra  benzoin  also  contains  traces  of  benzaliieiiyde  and 
benzol;  n.i  to  l  per  cent,  of  vanillin;  l  per  cent,  of  the  phenyl- 
propyl  ester  of  cinnamic  acid;  2  to  3  per  cent,  of  styracin  (cin- 
namic cinnamatc)  ;  and  14  to  17  per  cent,  of  insoluble  matter 
consisting  chiefly  of  woody  tissues. 

Constituents  ok  Siam  llENZOiN. — It  consists  largely  of  a 
resinous  substance,  siabenzoresin,  which  is  composed  of  about 
90  per  cent,  nf  an  ester  of  benzoic  acid  and  siaresinotannol.  and 
about  10  per  cent,  of  an  ester  of  benzoic  acid  and  benzoresinol. 
Sjabenzoresin  on  saponification  yields  38.2  per  cent,  of  benzoic 
ACtn,  56.7  per  cent,  of  siaresinotannol,  and  5.1  per  cent,  of 
benzoresinol. 

Siam  benzoin  also  contains  0.3  per  cent,  of  a  neutral  aromatic 
liquid,  which  is  probably  an  ester  of  benzoic  add.  the  nature  of 
the  alcohol  not  having  l)^en  determined  as  yet;  0.15  to  1.5  per 
cent,  of  VANILLIN  ;  a  small  quantity  of  free  benzoic  acid,  and  1.3 
to  ^.^  per  cent,  of  impurities  in  the  form  of  wootly  tissues. 
Penang  Benzoin  has  an  txlor  of  styrax,  and  in  composition  re- 
sembles Siam  benzoin.  It  contains  considerable  benzoic  acid, 
and  it  an<l  Palembang  benzoin,  also  from  Sumatra,  are  a  source 
of  benzoic  aci<l. 

MYRRHA.— MYRRH— The  dried  gum-resin  from  the  stem 
of  Commiphora  abyssiuka  and  C  Schimperi  ( Fam.  Burseracea?), 
large  shrubs  f  Fig-.  160)  indigenous  to  Northeastern  Africa 
(chiefly  Somali  Land)  and  Southern  Arabia  (p.  310).  The  gum- 
resin  exudes  spontaneously  or  from  incisions  made  in  tlie  bark; 
it  is  first  of  a  yellowish  color  but  soon  hardens,  becoming  darker, 
and  is  then  collected.  Tlierc  are  two  principal  commercial  varie- 
ties of  Myrrh,  the  one  known  as  African  or  Somali  MvTrh.  and 
the  other  as  .\rabian  or  Yemen  Myrrh,  the  former  being  consid- 
ered the  better. 

43 


CRUDE  DKL'GS. 


675 


BiSABOL,  or  East  Indian  myrrh,  is  exported  from  Eastern 
Africa  and  Asia;  it  closely  resembles  true  myrrh,  but  is  distin- 
giiishetl  from  it  by  the  ethereal  solution  not  becoming  reddish 
with  bromine  vapor.  Fiirdierniore.  on  mixing  0  drops  of  a 
petroleum  ether  solution  (one  part  of  myrrh  to  15  of  ether)  with 
3  c.c.  of  glacial  acetic  acid  ami  then  adding  this  liquid  carefully 
to  3  c.c.  of  concentrated  sulphuric  acid,  a  rose-colored  zone  is  at 
first  developed,  and  finally  the  entire  acetic  acid  solution  assumes 
the  same  color.  With  genuine  myrrh  the  solution  is  colored  a 
very  pale  rose  color. 

Allied  Pi«\nts. — Opopanax  is  a  l>alsam-like  proiluct  obtained 
from  Commiphora  Kataf,  a  plant  indigenous  to  Arabia,  and  is 
supposed  to  he  the  Myrrh  mentioned  in  the  Bible.  !t  yields  from 
6  to  10  per  cent,  of  a  greenish-yellow  volatile  oil  with  a  pleasant 
balsamic  odor;  and  also  contains  opo-resinotannol  fa  compound 
not  yielding  umbelliferone  on  distillation)  both  free  and  com- 
bined with  fcrulaic  acid ;  free  ferulaic  acid ;  vanillin,  and  a  gum 
containing  bassorin. 

Mi'LU  KiLAVAKV  is  a  gummy  exudation  obtained  from  Com- 
miphora Berryi,  a  plant  growing  in  India.  It  occurs  in  yellowish- 
brown  or  dark  brown  translucent  fragments,  having  a  conchoidal, 
oily  fracture,  and  consists  chiefly  of  gum,  with  a  small  quantity 
of  a  tasteless  resin  and  a  volatile  oil. 

TEREBINTHINA.— TURPENTINE.— An  oleo-resin  ob- 
tained from  Pitius  palttstris  and  olJier  species  of  Pinus  (Fani, 
Coniferae),  evergreen  trees  (Fig.  47,  B,  C)  indigenous  to  the 
Southern  United  States  (p.  81).  The  oleo-resin  is  secreted  in 
the  sapwood  and  is  obtained  by  making  triangular  incisions  in 
the  bark  and  wood  in  the  spring;  it  flows  into  cavities  (or  boxes) 
maile  lower  down  on  the  trunk,  from  which  it  is  dipped  into 
barrels  or  other  receptacles.  The  product  of  the  first  year's  cut- 
ling  is  of  superior  quality  and  is  known  as  "  virgin  "  turpentine. 
It  yields  alwut  15  i)er  cent,  of  oil  of  tuq»entine,  while  the  product 
of  the  second  or  third  year  yields  10  per  cent. 

Description. — In  yellowish,  opaque  masses,  brittle  in  the 
cold;  lighter  internally,  sticky  and  more  or  less  shiny:  odor  and 
taste  tercbinthinate.  One  part  dissolved  in  5  parts  of  alcohol 
gives  a  clear  solution  having  an  acid  reaction. 


678 


BOTANY  AND  PHARMACOGNOSY. 


nc.  md 

5  fuM 

::,uii 


pyrocaxeehm  (thU  disiuymhtng  it  from  Jamper  "^M 
adored  brumiusb-red  bv  an  equal  voIisdc  of  ratntim  I9I 
solution.  The  petrohrtmi  ether  extract  is  colored  grv: 
0.t  per  ccxit.  wlucion  of  copper  acetate.  M 

CoxsnTlTCKTS. — Tar  oonsuu  of  a  miooas  snbJi 
which  are  admixed  a  small  quantity  of  turpcncixic  a< 
inethyl  alcohol  and  varioos  TcJatile  cntpyrcumatic  si 
On  distillation  4  distinct  classes  of  prodocts  arc  obtai 
An  aqve/jvs  DisTtLi-ATT,  froni  10  to  ao  per  cent.,  coosasd 
of  acetic  acid,  methyl  alcoHol  and  acetone.  {2)  A  u 
DtSTiLLAT^.  from  10  to  15  per  cent.,  oocning  over  imdc 
3fKl  consisting  of  mesit.  toluene,  xvtenc,  cumenc.  md 
cttpton.  which  products  arc  used  as  solvents 
and  similar  substances.  (j>  A  he.^V'Y  o[lv  disti 
per  cent.,  distilling  over  between  150*  and  250*  C 
of  the  CKtasoTZ  OILS,  viz. :  phenol,  crcsol.  creosote,  paral 
thalene,  pyrene.  chr\-sene,  rctene  and  some  other  substai 
A  black  resinous  mass,  called  pitch  (50  to  65  per  ccti 
has  the  odor  of  tar  and  is  still  official  in  some  phanr 

in  the  distillation  of  pine  wood  tar  the  distilbte 
lighter  than  water  contains  a  volatile  oil  known  as  Oi 
(Oleum  Picis  Liquidac).  When  recently  prepared  it  is 
but  it  gradually  darkens,  iKrcoming  finally  dark  reddi 
there  >t:)>arating  at  the  same  time  a  blackish,  resinous 
Oil  of  tar  consists  chiefly  of  oil  of  turpentine,  with  soi 
lijjhier  hydrocarbons  and  phenol  coniponnds.  acetic^ 
acifis,  ainl  a  number  of  empyreumalic  prwlucts. 

AixtKn  pRooucTS. — Beech  wooi>  tar  is  ilic  prodi 
destructive  distillation  of  the  wood  of  Fd;'H.r  sykattt 
ferru/^inca  ( Fam.  Fagaccae).  It  is  dislinguishetl  front 
by  the  petroleum  ctlier  extract  not  giving  a  greenfl 
copper  acetate  solution,  and  in  the  creosote  oils  con 
conjiiderabic  amount  of  (iUAlACOl-  Tl»e  official  creosote 
ture  of  guaiacol  and  cref)sol  with  some  other  phenol  di 
as  xylenol,  methyl  creo.iol  and  methyl  giiaiacol.  obtal 
the  heavy  oily  distillate  of  heccli  wood  tar.  Guaiacol  h 
est  because  on  treatment  vcilh  chemicals  it  may  be  conv 
vanillin. 
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Biucu  TAR  is  the  product  of  the  destructive  distillation  of  the 
wood  and  bark  of  the  white  birch  (Hctulu  alba).  It  is  chiefly 
made  in  Russia,  has  a  strong,  (wnctrating  odor  and  does  not 
solidify,  it  is  distinguished  from  beech  wood  tar  an<l  pine  tar 
in  not  being  completely  soluble  in  95  per  cent,  acetic  acid,  and  is 
distinguished  from  juniper  tar  by  not  being  entirely  dissolved  in 
anilin'and  in  being  colored  greenish  with  ferric  chloride. 

An  oily  pro<luct  is  obtained  in  the  destructive  distillation  of 
the  wood  of  the  IVickly  cedar  {Junif>i'rus  Oxyctutrus),  a  tree 
indigenous  to  the  countries  honleritig  the  Mediterranean,  and  is 
official  as  oil  of  cade.  It  is  a  brown,  viscid  liquid  with  a  tarry 
odor  and  a  pungent,  bitter  taste.  The  oil  varies  in  composition 
and  the  <mly  constituent  that  has  been  isolated  is  the  sesquiter- 
pene cadincnc.  Of  the  phenols  which  it  contains  nothing  is 
known. 

An  oil  known  as  Kien  oil  is  obtained  by  the  destructive  dis- 
tillation of  the  wood  of  the  root  of  Ptnus  svhestris.  The  oil  is 
prepared  in  Germany.  Russia.  Finland  and  Sweden,  and  consists 
of  d-pinene,  d-sylvcsirinc  and  in  addition,  in  all  except  the 
Swedish  oil,  dipentene  has  been  determined. 

STYRAX.— STOR.\X.— A  balsam  obtained  from  the  trunk 
of  Liquiditmhar  oricnlalis  (Fam.  Hamamelidaccx),  a  tree  (p. 
286)  indigenous  to  Asia  Minor  and  the  Levant.  The  balsam  is  a 
pathological  product  and  is  produced  by  bruising  the  bark  of  the 
tree,  removing  it  ami  then  txiiling  tlie  innrr  bark  in  sea-waler, 
the  balsam  which  rises  to  the  surface  being  skimmed  off. 

DKStRiKriftx. — A  viscid,  grayish,  more  or  less  opaque  semi- 
liquid  mass,  depositing  on  standing  a  heavier,  dark  brown,  oleo- 
resinous  stratum;  translucent  in  thin  layers;  odor  agreeable;  taste 
balsamic. 

Storax  is  insoluble  in  water;  between  60  and  70  per  cent,  is 
soluble  in  warm  alcohol,  and  the  residue  on  evaporation  of 
the  alcoholic  solution  is  ahnost  completely  soluble  in  ether,  carbon 
disulphide.  or  benzol,  but  insoluble  in  benzin ;  the  portion  undis- 
solved after  thorough  extraction  with  boiling  alcohol  should  not 
be  more  than  4  per  cent.  When  boiled  with  a  solution  of  potas- 
sium dichroiuate  and  sulphuric  acid  it  evolves  an  odor  resembling 
that  of  bitter  almonds  (due  to  the  presence  of  cinnamic  acid); 
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it  fonns  little  or  no  foam  when  mixed  with  an  equal  volume  of 
alcohol  and  shaken  with  ammonia  water,  indicating  the  absence 
of  turpentine  and  fixed  oils. 

CoNSTiTLENTS. — Storax  consists  of  about  50  per  cent  of  two 
resin  alcohols,  a-storcsin  and  yS-storesin,  which  are  partly  free, 
partly  in  combination  with  cinnamic  acid  and  parti)-  with  sodium. 
o-STORESiN  (a-storesinol)  is  an  amorphous  substance  that  is  very 
sparingly  soluble  in  water  and  forms  a  crystalline  compound  with 
potassium.  /?-stuhesin  (/9-storesinol)  occurs  in  white  Hakes 
which  arc  somewhat  soluble  in  water  but  do  not  form  a  crystal- 
line com[>ound  with  potassium.  Storax  also  contains  from  10  to 
20  per  cent,  of  an  ester  consisting^  of  cinnamic  acid  and  storcsin ; 
from  5  to  10  per  cent,  of  cinnamyl  or  styryl  cinnamate  (styba- 
cin)  which  occurs  in  colorless,  odorless  and  tasteless  needles 
and  which  on  hydrolysis  yields  cinnamic  alcohol  (sty rone)  and  a 
salt  of  cinnamic  acid :  about  10  per  cent,  of  an  odorless,  viscid 
substance,  j'uenyi.  proj'vl  cinnamate;  from  z  to  3  per  cent. 
of  PHENYL  ETHYLENE  ( stvrol  or  styrcuc),  which  occurs  as  a 
colorless  licjuid  possessing  the  odor  and  pungent  taste  of  storax; 
from  0.5  to  I  per  cent,  of  a  voi,ath.e  oil  which  is  la vo- rotatory 
and  consists  of  a  hydrocarbon,  styrene.  about  04  per  cent,  of  an 
oxygenated  comix)und  (styrocamphcne).  and  ciimamates  of  ethyl, 
benzyl,  phenyl-propyl  and  cinnamic  alcohols ;  from  2  to  5  per 
cent,  uf  free  cinnamic  acid ;  a  small  quantity  of  iso~cinnaniic  acid 
which  occurs  in  colorless  crystals;  a  crystal lizable  susbtancc, 
styrogenin ;  about  0.15  per  cent,  of  vanillin  ;  a  trace  of  benzoic 
acid;  ethyl  vanillin;  resin,  and  caoutchouc.  Storax  sometimes 
yields  more  than  20  per  cent,  of  free  cinnamic  acid  and  is  the 
best  available  source  of  this  substance. 

Ai.LiEti  1*L.\NTS. — Liquidanibar  StyraciHua,  a  tree  indigenous 
to  the  Eastern  antl  Southern  United  States  and  Mexico,  yields  the 
American  storax,  which  occurs  as  a  yellowish-brown,  semi-liquid 
mass  somewhat  resembling  Levant  storax.  It  probably  contains 
related  storesins  (storesinols),  which  appear  to  form  similar  com- 
binations with  cinnamic  acid.  On  distillation  of  the  fresh  balsam 
about  7  per  cent,  of  a  volatile  oil  is  obtained,  which  is  dextro- 
rotatory and  contains  stvrol  and  a  body  with  the  odor  of  oil  of 
ttirpentine,   the   cinnamyl-ethyl -ester   and    dnnamyl -benzyl-ester 
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being  wanting.  It  also  contains  phenyl  propyl  cinnamate,  styra- 
cin,  styrol,  free  cinnamic  ackl  and  vanillin. 

Styrax  is  also  obtained  from  Altingia  cxcclsa.  of  the  Indian 
Archipelago.  It  \-ieIds  a  soft,  while,  crystalline  balsam  develop- 
ing the  fragrant  odor  of  styrol  and  contains  about  50  per  cent,  of 
an  ester  of  cinnamic  acid.  A  brown  solid  balsam  is  also  obtained 
from  this  tree.  It  has  an  odor  of  cinnamon  and  contains  a  trace 
of  free  cinnainic  acid  and  9.7  per  cent,  of  cinnamic  acid  in  the 
form  of  an  ester.  The  oil  from  this  plant  is  known  as  "  Rasamala 
wood  oil/'  and  contains  a  ketone. 

TEREBINTHINA  CANADENSIS.— CANADA  TURPEN- 
TINE,  CANADA  BALSAM  OR  BALSAM  OF  FIR.— A  liquid 
oleo-rcsin  obtained  from  Abies  balsamca  (Fam.  Coniferse),  a  tall 
evergreen  tree  (Fig.  276)  indigenous  to  the  Northern  United 
States  and  Canada  (p.  79).  The  oleo-resin  occurs  normally  in 
reservoirs  in  tlie  bark  and  forms  in  vesicles  or  blisters  on  the 
surface,  from  which  it  is  obtained  by  puncturing  them  with  the 
spout  of  a  can  used  by  the  balsam  collectors,  Canada  Turpentine 
is  collected  chiefly  in  Quebec. 

Description. — Viscid,  pale  yellow  or  greenish -yellow,  occa- 
sionally with  a  ^eenish  fluorescence  :  transparent ;  odor  agreeable, 
terebinthinate ;  taste  biltcr,  slightly  acrid. 

When  exposed  to  the  air  Canada  turpentine  gradually  dries, 
fot^ning  a  transparent  varnish  ;  it  solidifies  on  mixing  5  or  6 
parts  with  i  part  of  magnesia  previously  moistened  with  water 
(distinguishing  it  from  other  coniferous  resins) ;  it  is  completely 
soluble  in  ether,  chloroform,  benzol  or  oil  of  turpentine,  and 
about  80  per  cent,  is  soluble  in  alcohol  (distinguishing  it  from 
other  coniferous  resins). 

CoNSTiTiENTS. — About  ^s  V^^  *^*'"t-  "^  ^  resinous  substance, 
consisting  chiefly  of  4  acid  resins;  canadinic,  canadolic.  and 
a-  and  ;8-canadinoIic  resins,  and  fi  to  12  per  cent,  of  an  indiffer- 
ent resin  canadoresene :  16  to  25  per  cent,  of  a  volatile  oil,  con- 
sisting chiefly  of  1-pincne :  and  pimaric  acid. 

Allied  Plants. — Strasdurg  turpentine  is  the  product  of 
the  European  silver  fir  {Abies  alba).  It  closely  resembles  the 
Canada  turpentine,  but  has  a  lemon-like  odor.  It  contains  24  to 
30  per  cent,  of  a  greenish,  fluorescent  volatile  oil,  consisting 
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chiefly  of  I-pinene;  46  to  50  per  cent,  of  a-  and  /?-abietinoIic  acid; 
about  2  per  cent,  of  a  cr>stalline  resin,  abietolic  acid ;  10  per  ccnt. 
of  an  aniorplions  resin,  abiennic  acid;  and  small  quantities  of  a 
bitter  principle,  succinic  acid  and  a  coloring  principle. 

Venice  Turpentine  is  tlie  pro(!uct  of  the  European  larch 
{Larix  decidua)  and  occurs  as  a  yellowish  or  greenish -ye  How, 
nearly  transparent,  slightly  turbid,  viscid  liquid,  with  a  tere- 
binthinatc  odor  and  a  bitter,  aromatic  taste.  It  consists  of  about 
20  i>er  cent,  of  a  volatile  oil,  consisting  chiefly  of  pinene;  60  to 
64  per  cent,  of  three  acid  resins,  one  of  which  is  crystalline ;  and 
about  15  per  cent,  of  an  in<liffereni  resin. 


DRUGS  DERIVED  FROM  THE  CONIFER.E. 

In  addition  to  the  volatile  oils,  resins  and  allied  products 
obtained  from  the  Coniferae  (described  under  Exudations,  pages 
653-G82).  the  tops  and  fruits  of  several  of  the  plants  are 
oflncial  in  the  various  pharmacopoeias.  In  the  Coniferae  the 
trachea:  and  wood  fibers  are  replaced  by  tracheids  {p.  191). 
This  stnicture  is  for  the  most  part  characteristic  of  the  Gymno- 
spcrms,  and  there  are  very  few  Angiospcrnis  in  which  tracheids 
alone  are  found,  ipecac  root  being  one  of  the  exceptions  ( Figs. 
203,  2Qi).  The  flowers  of  the  Coniferx  have  open  carpels,  and 
the  fruits  consist  of  dry  cones  or  of  berry-like  cones,  in  which 
there  is  partial  coalescence  of  the  fleshy  scales  or  carpels  (p.  78). 

SABtXA. — SAVIN. — The  young  and  tender,  green  branches 
of  Jnniperus  Sabina  (Fam.  Coniferse).  an  evergreen  slirub  indig- 
enous to  the  mountainous  regions  of  Southern  and  Central  Europe 
and  extending  as  far  as  Siberia.  The  young  branches  are  col- 
lected in  the  spring,  stripped  from  tlie  older  woody  branches  and 
dried.  In  the  preparation  of  the  volatile  oil,  which  is  official, 
they  are  used  in  the  green  slate. 

Description. — Branchlets  i  to  5  cm.  long,  i  to  2  mm.  in 
diameter;  covered  with  closely  appressed  (except  those  at  the 
base  of  the  branches  or  branch-scars),  grayish-  or  brownish -green, 
rhonibuidal.  scale-like  leaves  which  are  about  1  mm.  long, 
4-ranked.  closely  imbricatetl,  thus  completely  covering  the  branch- 
lets,  and  show  in  cross-section  a  single  large  oil-gland  directly 
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l)enealh  the  epidermis  of  the  dorsal  surface.  Some  of  tlie  berry- 
like fruits  arc  usually  present.  The\-  arc  glubular  or  ollipsoidalf 
brownish-yellow  or  purplish-black.  5  to  7  mm.  in  diameter,  with 
a  whitish  bloom,  more  or  less  tuberculale,  due  to  the  tips  01  the 
fleshy  scales,  and  wrinkled :  the  pulp  is  brownish  and  contains 
from  2  to  6  ovoid,  yellowish-brown  seeds,  3  to  4  mm.  long:,  lonpfi- 
tudinally  grooved,  particularly  on  the  dorsal  side,  and  enclosed  by 
a  resinous  membrane.  Tlie  odor  is  slightly  terebinthinate.  and  the 
taste,  bitterish  and  resinous. 

Constituents. — Prom  4  to  6  per  cent,  of  a  volatile  oil  con- 
sisting of  about  10  per  cent,  of  an  alcohol  sabinol.  40  to  44  per 
cent,  of  an  ester  of  sabinol  and  acetic  acid,  a  sesquiterpene,  and  a 
principle  with  an  odor  of  cumin  aldehyde;  resin,  and  a  small 
amount  of  tannin. 

Allied  Plants. — Red  Cedar  {Juttiftenis  virgiiiiona)  is  a  tree 
(Fig.  52)  of  wide  distribution  in  North  America.  The  fruits  arc 
purple,  smaller,  and  contain  fewer  seeds  than  those  nf  /.  Sabitta. 
The  constituents  arc  also  similar.  The  volatile  oil  of  the  wood 
is  known  as  red  cedar  wood  oil  and  occurs  to  the  extent  of  2.5 
to  4.5  per  cent.  The  oil  consists  of  so-called  cedar  camphor,  or 
cedrol,  and  cedrene. 

JfNiPEK  Hekkjes  are  obtained  from  Junipcrus  communis,  a 
small  evergreen  tree  with  subulate,  prickly-pointed,  verticillate 
leaves,  which  is  indigenous  to  North  America,  Europe  and  .\5ia. 
The  berry-like  fruits  are  nearly  globular,  from  5  to  10  mm.  in 
diameter,  somewhat  wrinkled,  purplish-black  or  dark  brown,  fre- 
quently with  a  whitish  bloom,  with  3  to  6  minute  bracts  at  the 
base,  and  a  triangular  scar  at  the  apex  marking  Uie  Une  of  separa- 
tion of  the  carpels.  The  pulp  is  brownish  and  usually  contains 
three  ovoid  seeds,  attached  to  which  are  3  to  4  ellipsoidal  olco- 
resinous  masses.  The  odor  is  slight  and  the  taste  is  sweet  and 
resinous.  Juniper  l>erries  contain  0.5  to  1.5  per  cent,  of  a  volatile 
oil  containing  pinene.  cadinene,  and  a  juniper  camphor;  10  per 
cent,  of  resin:  15  to  30  per  cent,  of  dextrose:  a  yellow  coloring 
principle ;  and  yield  2  to  4  per  cent,  of  ash.  The  oil  and  the  frnirs 
are  chiefly  used  in  the  manufacture  of  gin. 

The  young  twigs  of  .\rbor  mt.e  (Thuja  occidentals),  a  coni- 
cal  tree  indigenous  from  Canada  to  Virginia  and  extensively 
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cultivated,  are  also  used  in  medicine.  The  leaves  arc  4-rankcd, 
of  two  kinds,  those  of  llie  lateral  pairs  being  more  or  less  elon- 
gated, clasping,  and  triangular  in  section,  those  of  the  other  pair 
being  flattened,  appressed  and  with  a  prominent  oleo-resinous 
gland  near  the  middle  on  the  dorsal  or  outer  surface,  tlic  arrange- 
ment of  the  leaves  being  such  as  to  give  the  branches  a  flattish 
appearance.  The  frutts  are  small  cones  with  six  to  ten  carpels, 
each  bearing  a  narrow-winged  seed.  Thuja  contains  i  per  cent,  of 
a  volatile  oil  with  an  odor  resembling  tansy  and  containing  d-pi- 
ncne,  l-fenchone,  d-thujone,  and  an  inactive  oxime;  two  resins;  a 
glucoside  thujin.  which  resembles  quercitrin ;  a  bitter  glucoside 
pinicrin,  and  pinitannic  acid  (^  which  two  latter  principles  are  also 
found  in  Pinus  sylvestris). 

DRUGS  DERIVED  FROM  THALLOPHYTES  .\ND 
ARCHEGONIATES. 

Not  very  many  of  the  lower  plants  furnish  important  drugs, 
there  being  probably  not  more  tlian  five  or  six  drugs  from  this 
source  that  arc  official  in  the  different  phamiacopceias.  For  pur- 
poses of  identification  they  may  be  grouped  as  follows: 

Rhizome    Aspidium 

Entire,  yellowish-white,  cartilaginous  thallus. . .  .Giondrus 

Entire,  grayish-brown,  papery  thallus Cetraria 

f*urplish-black  cylindrical  grains Ergola 

LigiU  yellow  powder Lycopodium 

ASPIDIUM.— MALE  FERN.— The  riiizome  and  stipes 
of  Aspidium  {Dryopteris  or  Ncphrodium)  Fili.v  mos  and  Aspid- 
turn  marginalt'  (Fain.  Polypodiacear),  perennials,  of  which  Aspid- 
tutn  Filix  mas  (Fig.  277)  is  more  widely  distributed,  being 
indigenous  to  Europe,  Asia,  North  .America,  west  of  the  Rocky 
Mountains,  and  in  the  Andes  of  South  America:  while  .'/.  wwr- 
gittale  is  found  in  the  Eastern  and  Central  United  States  and 
extcmls  north  to  Prince  Edward's  Island  (p.  61).  The  rhizome 
is  collected  in  early  autumn,  the  leaves  cut  off,  leaving  the  lower 
portions  or  stipes  attached  to  the  rhizomes ;  the  dead  portions  of 
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Inn£k  Stkuctuhe. — See  Figs.  45,  278,  297. 

CoNSTiTiiE.vTS.- — An  active,  aiTioq>hous  substance,  filicic 
ACID,  J  to  8  per  cent.,  being  contained  apparently  in  greatest 
abundance  in  rhizomes  collected  in  autumn,  and  readily  dccom- 
l»osing  with  the  fomiaiion  u£  an  inactive  but  crystalline  anhy- 
dride; and  fiLicic  anhydkiue  (filicin.  or  so-called  crystalline 
filicic  acid).  The  latter  occurs  from  19  to  31  jxr  cent,  in  the 
drug,  and  may  be  converted  into  filicic  acid  by  dissolving  in  alka- 
lies iind  precipitating  witli  acids.  The  drug  also  contains  from 
ao25  to  0.045  P^^  <^*"t-  ^^  ^  ''gh'  yellow  volatile  oil  with  an 
intense  odor  of  the  drug  and  an  aromatic,  l>urning  taste.  It  con- 
sists of  free  butyric  and  allied  acids  and  hexyl  and  octyl  esters  of 
the  fatty  acid  series,  ranging  from  butyric  acid  to  pclargonic. 
From  6  to  7  per  cent,  of  a  green  fixed  oil  is  present,  which  con- 
sists of  the  glycerides  of  filixolic  and  filosmylic  acids,  the  latter 
being  volatile,  .\mong  the  other  constituents  are  a  small  amount 
of  a  bitter  principle ;  about  10  per  cait.  of  filixtannic  acid :  a  soft 
black  resin  and  a  hard  red  resin ;  about  1 1  per  cent,  of  an  uncrys- 
tallizablc  sugar ;  starch,  and  2  to  3  per  cent,  of  ash. 

Allied  Plants. — The  rhizome  of  Aspidium  spinuhsum 
appears  10  possess  properties  similar  to  the  official  drug;  it  some- 
what resembles  that  of  A.  Fitix  vias,  but  the  chaffy  scales  possess 
rnar^^inal  glandular  hairs  and  the  number  of  fibrovascular  bundles 
in  the  rhizome  is  usually  but  6  or  7. 

Adulterants. — The  rhizomes  of  other  ferns  are  sometimes 
substituted  for  those  of  the  true  drug.  The  botanical  origin  of 
these  substitutes  is  not  clear.  A  very  common  substitute  is  shown 
in  Fig.  277a,  C,  which  is  derived  from  Osmunda  Claytoniana 
(^^S-  45)  or  a  related  species.  It  occurs  in  large  pieces  with 
coarse,  wirv  roots,  f1attene<l  stipes  and  is  free  from  chaffv  scales. 

chox'drus.^irtsh   moss  or  carragheen.— 

The  entire  plant  of  ChonJrus  crisptis  (Fam.  Gigartinaceic),  a 
common  red  alga  CFig.  9")  found  along  the  northwestern  coast  of 
Ireland  and  the  coast  of  Massachusetts  (p,  t6).  Tlie  plants 
are  collected  chiefly  during  Jnne  and  July,  spread  out  on  the 
beach  and  bleached  by  the  action  of  the  sun  and  dew,  then  treated 
with  salt  water,  finally  dried  and  stored.  The  chief  points  of  col- 
lection in  this  country  are  15  to  25  miles  south  of  Boston. 
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Description. — Consisting  of  a  number  of  dichotomoiisly 
branching,  somewhat  enlargetl  segments.  Incoming  eniarginate  or 
two-lobed,  which  arise  from  a  slender,  somewliat  Battened  base 
about  one-half  the  length  of  the  entire  thallus:  yellowish- white. 
transUiccnt.  sometimes  with  fruit-bodies  or  sporangia  embedded 
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Flo.   lyS.     Truttvene  wction  of  stipe  of   Atpidium   marttin^*  ■tMnrins   epirlennU 
(B),  hTpodermii  CH).  mdodermis  (N)  of  fibrovwcular  bundle  (V).  sieve  (S},  tnwbe*  (T). 


near  the  apex  of  the  segments ;  somewhat  cartilaginous;  having  a 
slight  saline  odor  and  a  nuicilaginous.  somewhat  saline  taste. 

One  part  of  Chondrus  Iwilcr!  for  ten  minutes  with  30  parts  of 
water  yields  a  solution  which  gelatinizes  on  cooling,  and  is  not 
colored  blue  by  iodine  test-solution  (absence  of  starch) ;  nor  pre- 
cipitated by  alcohol  (distinction  from  true  plant  gums)  ;  nor  pre- 
cipitated by  tannin  (distinction  from  gelatin)  ;  nor  precipitated 
by  lead  acetate  (distinguishing  it  from  pectin). 
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Constituents. — From  55  to  90  per  cent,  of  carrageenin,  a 
mucilaginous  principle  which  is  but  slightly  adhesive;  about  10 
per  cent,  of  proteins,  and  10  to  15  per  cent,  of  ash,  consisting  of 
calcium  oxalate  and  compounds  of  sodium,  potassium,  magnesium 
and  calcium  with  chlorine,  iodine,  bromine  and  sulphur. 

Allied  Plants. — Cigar  Una  tnawillnsa  (Fig.  278a)  somewhat 
resembles  Chondrus,  but  it  is  most  abundant  north  of  the 
region  where  Chondrus  is  gathered  and  so  rarely  enters  com- 


'^ 


Flo.  97s*.    Gigartina  matmlltysa.  >  red  B«fiw(«H  clowly  niatml  to  Chondrus  criMptu, 

•howinji  r)ichotoRiwu>I>-  bnuicliiiiK  th«llu»  beanntf  at  the  upper  pitrt  nutncruui  irylitidrkaJ 
outsrowthi  ia  which  the  fruJl  UkIim  uponuigia)  are  found. — Alter  Kutuns. 

mercc.  It  is  distinguished  by  having  the  sporangia  borne  on 
short,  tuberculatcfl  projections  or  stalks  scattered  over  tlie  upper 
portion  of  the  segments. 

For  other  Marine  Algjc  used  in  medicine,  see  p.  16. 

.\n  .\HTiFrci.\L  c.ir.M  is  prepared  by  adding  starch  to  the  muci- 
lage of  chondrus.  and  is  said  to  be  a  good  substitute  for  acacia 
and  m?.v  be  cmplnycd  as  a  ha.sc  for  fixing  colors  in  fabrics. 

CF,TR.\R1A.— ICELAND  MOSS.— The  entire  plant  of 
Celraria  islatidica,  one  of  the  Ascolichens   (Fig.  26,  illus.  5), 
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glucose.  Eventia  prunastri  contains  a  carbohydrate  evcmin,  which 
resembles  lichenin  but  is  <lextrog>ratc.  The  following  lichens 
do  not  contain  lichenin.  but  yield  carbohyil rates  which  on  hydro- 
lysis give  little  or  no  glucose:  Cladoitia  rangifcrina  contains  30 
per  cent,  of  mannose;  Stcreocaulon  pascalc  and  Pcitigeria 
aphthosa  yield  on  hydrolysis  dcxlromannosc  and  dextrogalactose. 

EKG(3tA.— ERGOT  OF  RYE.— The  sclerolium  of  CMti- 
ceps  purpurea  (Earn.  Hypocreaceie),  a  fungus  having  two  dis- 
tinct periods  in  its  life  history — an  active  and  a  resting  stage 
(Fig.  19).  louring  the  latter  it  forms  a  compact  mycelium,  or 
sclerotium,  which  replaces  the  flowers  and  grains  of  r\e.  Ergot 
is  picked  by  hand  from  the  ears  of  rye.  or  it  is  separated  after  the 
thrashing  of  the  rye ;  it  is  carefully  dried,  and  preserved  against 
the  attacks  of  insects  by  the  use  of  small  quantities  of  chloro- 
fomi.  It  deteriorates  with  age.  particularly  when  powdered,  and 
is  not  considered  so  valuable  after  one  year.  Various  methods 
have  been  proposed  for  preparing  the  drug  so  as  to  preserve  its 
medicinal  properties  for  a  longer  period  of  time  (p.  420).  Rus- 
sia, Spain  and  Germany  furnish  ihe  chief  part  of  the  commercial 
supply,  the  Russian  drug  l>eing  considered  the  most  active  (p.  27). 

Spanish  ergot  usually  consists  of  large  grains,  having  a  fine 
a])pfarance,  but  is  not  so  active  as  that  from  the  other  countries 
mentioned,  and  contains  considerable  starch. 

Description. — Sub-cylindrical,  tapering  toward  but  obtuse  at 
both  ends,  somewhat  curved.  2  to  4  cm.  long  and  about  3  mm. 
thick:  externally  purplish-black,  longitudinally  furrowed,  occa- 
sionally transversely  fissured,  one  entl  with  the  whitish  remains 
of  mycelial  threads,  fracture  short;  internally  whitish  or  pinkish- 
white,  sections  somewhat  triangular  or  two-lobed ;  odor  peculiar, 
heavy,  increased  by  trituration  with  potassium  or  sodium  hydrate 
solution;  taste  oily  and  disagreeable. 

Constituents. — The  constituents  of  ergot  have  been  the  sub- 
ject of  considerable  investigation,  and  the  results  have  beer  more 
or  less  contradictory.  Of  the  large  number  of  substances  which 
it  contains  the  following  may  be  mentioned  : 

The  most  important  physiologically  active  substances  are 
cornutine  and  sphacelinic  acid.  The  crystallizabic  alkaloid  cornu- 
TiSE  of  Keller  is  insoluble  in  water  and  the  dilute  alcoholic  solu- 
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Ustilago  (com  smut) ;  it  occurs  in  irregular,  somewhat  cylindrical 
or  globose  masses  from  10  to  15  cm.  in  diameter  (Kig.  22),  con- 
sisting of  a  whitish  membrane,  becoming  dark  with  age,  and  a 
brownish- black  mass  of  spores,  which  are  nearly  spherical  and 
about  7  ^  in  diameter  (Fig.  23).  The  drug  has  a  heavy  odor 
and  a  disagreeable  taste.  Ustilago  sliould  be  carefully  dried  and 
not  kept  longer  than  one  year.  Com  Sniul  contains  a  cryslalliz- 
abk'  alkaloid,  ustilagine,  which  is  soluble  in  water  and  alcohol 
and  forms  crystalline  salts;  from  0.5  to  5.5  per  cent,  of  a  crys- 
tallizabic  acid  substance,  maizenic  acid,  which  resembles  sclerotic 
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Fio.  f  j8b.  Sfiorvs  of  various  *pccies  of  Lycuiodium.  A.  B,  reliculatcd  iporea  of 
hy€<rpodi%*^  Havalum;  C.  IJ,  atKire*  of  Z..  j)'ry/Jaii(JiMiH  marked  by-  pores;  B.  Y.  spinous 
•pomo(/..(frR^Nm,  G.  H,  J,  spores  oIL.iRHi(i/jiHm  with  wavy  rcticulnUioiu. — After  Pnttel, 

acid ;  about  1 .5  per  cent,  of  a  volatile  base  resembling  trtmcthyla- 
mine ;  2.5  to  6.5  per  cent,  of  a  dark  brown  fixed  oil.  insoluble  in 
alcohol  and  having  the  odor  of  the  drug;  about  8  jx-r  cent,  of  two 
resins,  one  being  soluble  in  alcohol  and  the  other  in  ether:  3.75 
per  cent,  of  a  non-reducing  sugar  which  crystallizes  in  needles; 
and  yields  4.5  per  cent,  of  ash. 

LYCOPODIUM. — The  sjjorcs  of  Lycopodium  davatum.  and 
of  nther  s]>ecie5  of  Lycopodium  (Fam.  Lycopodiaceael,  perennial 
herbs  (  Fig.  46)  indigenous  to  Europe.  Asia,  North  America  and 

I  Central  America.  The  spores  are  obtaine<l  fmm  the  ripened 
cones  by  shaking  the  fruiting  tops  (sporogonia)  and  the  extrane- 
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ous  matter  is  removed  by  sieving.    The  principal  sources  of  supply 
of  Lycopoflium  are  Germany,  Russia  and  Switzerland  (p.  66). 

Descku'TIOn.— A  light-yellow,  very  mobile  powder,  nearly 
inodorous  and  tasteless,  Moating  upon  water  and  not  wetted  by 
it.  but  sinking  on  being  boiled  witli  it,  and  burning  quickly  when 
thrown  into  a  flame. 

Spores  tetrahedral  (Fig.  278b).  from  25  to  40  ^  in  diameter, 
with  one  convex  side,  and  delicately  reticulate  on  the  surface. 

Constituents. — About  50  per  cent,  of  a  greenish-yellow, 
odorless,  non-drying  oil  with  an  acid  reaction,  which  consists 
chiefly  of  oleic  acid,  together  with  some  lycopodic,  arable,  palmitic, 
stearic,  myristic  anrl  decylist>-propyl  acrylic  acids;  a  small  amount 
of  phylosterin,  and  3  to  8.2  per  cent,  uf  glycerin.  The  s]>ores  also 
contain  5.3  per  cent,  of  a  nitrogenous  substance ;  about  3  per  cent, 
of  a  sugar,  and  ^ield  about  1  per  cent,  nf  ash.  C!)n  heating  with 
a  solution  of  potassium  hydrate  nionomethylaniine  is  liberated, 
and  on  macerating  the  spores  in  alcohol  a  part  of  the  alcohol  is 
converted  into  an  aldehyde. 

Alliki)  Pl.ants. — The  spores  of  other  species  of  Lycopodium 
are  sometimes  collected  with  those  of  L.  chvatum,  as  Fir  club 
moss  {L.  Sclago)\  stiff  club  moss  {L,  onnotinum)',  lv>g  club 
moss  {L.  inuttdatum),  and  the  ground  pine  {L.  com piatta turn) 
(Fig.  46,  illiis.  2).  From  the  latter  an  alkaloid,  lycopodinc,  has 
been  isolated.  A  toxic  alkaloid,  piliganine.  has  hecn  obtained 
from  piligan  (L,  Saururus).  growing  in  Brazil.  L.  polytrichoides. 
of  the  Hawaiian  Islands;  L,  rubrum,  of  Venezuela;  L,  cernuum, 
of  the  Tropics,  and  L,  Schgo  of  Europe,  are  also  employed  in 
medicine. 

Aiiui.TERANTS. — Lycopodium  is  sometimes  admixed  with  pine 
pollen,  starchy  materials,  and  various  inorganic  substances,  as 
sulphur,  talc  and  g>psuni.  A  recent  adulterant  of  Lycopodium 
has  been  found  to  consist  of  com  starch  which  had  been  treated 
in  a  special  manner  and  then  colored  with  methyl  orange.  .\n 
arti6cia1  lycopodium  is  prepared  by  treating  Bordeaux  turpentine 
(galipot  resin)  at  near  the  melting  point  with  dry  ammonia,  the 
resulting  product  being  then  drie<l  and  (>owdcred.  The  fragments 
are  irregidar,  transparent  and  are  readily  detected  by  means  of  the 
microscope. 


CHAPTER.  II. 


POWDERED  VEGETABLE  DRUGS  AND  FOODS. 


Inasmuch  as  a  large  proportion  of  vegetable  drugs  frequently 
occur  in  the  market  in  a  powdered  or  ground  condition,  it  becomes 
of  first  importance  to  be  able  to  identify  them,  as  well  as  to  deter- 
mine their  quality  in  this  form.  Without  a  microscopical  exam- 
ination or  chemical  analysis  this  would  then  depend  on  such 
factors  as  color,  o<lor  and  taste.  With  some  drugs  an  estimation 
of  quality  based  on  these  properties  would  be  of  more  or  less 
value,  particularly  those  containing  aromatic  and  bitter  principles; 
yet  it  would  soon  be  fotmd  that  a  more  detailed  examination 
would  be  required  to  determine  their  degree  of  purity  or  even  to 
identify  them  with  certainty  in  all  cases. 

Classification. — It  was  not  considered  desirable  to  give  a 
detailed  description  of  the  powder  under  each  drug  in  the  chapter 
on  crude  drugs,  for  the  reason  that  the  identity  of  the  drug  as  a 
root,  rhizome,  bark,  etc,  is  lost,  and  in  the  examination  of  a 
g^ven  powder  it  is  usually  found  advantageous  to  compare  it  with 
those  powders  having  a  similar  color.  By  a  careful  comparison 
of  the  powders  of  the  vegetable  drugs,  it  has  been  found  that 
according  to  their  colors  they  form  five  main  groups,  as  follows : 
(i)  Greenish  powders,  (2")  yellowish  powders.  (3)  brownish 
powders,  (4)  reddish  powders,  (5)  whitish  powders.  These 
groups  are  then  subdivided  according  to  the  kinds  of  cells  and  the 
nature  of  the  cell-walls  and  cell-contents. 

Adulterants.— Powdered  drugs  are  frequently  adulterated 
either  by  the  use  of  wheat  middlings  or  by  the  use  of  exhausted 
powders,  i.e..  those  from  which  the  active  or  important  consti- 
tuents have  been  extracted.  The  following  examples  serve  to 
illustrate  the  methods  in  use:  Powdered  cloves  are  occasionally 
admixed  with  the  exhausted  powder,  or  the  exhausted  powder 
alone,  to  which  a  small  quantity  of  oil  of  cloves  and  some  color- 
ing matter  are  added,  is  sold  as  powdered  cloves.  Exhausted 
gentian,  to  which  has  been  added  a  small  quantity  of  a  bitter 
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as  the  following:  (i)  H  the  particles  sink  or  float.  In  alt  gen- 
uine coffee,  for  instance,  the  particles  rise  to  the  surface,  whereas 
in  the  substitutes  and  adulterants  they  sink.  (2)  If  the  particles 
disintegrate.  All  artificial  i>rofhicts.  as  coffee  and  nutmeg,  when 
made  from  exhausted  powders  or  spurious  substances,  slowly 
disintegrate,  leaving  a  fine  sediment.  (3)  The  color  of  the  solu- 
tion. A  chelidonium  powder,  for  instance,  gives  a  golden-yellow 
solution,  as  also  do  many  drugs  containing  berberinc  and  allied 
principles.  (4)  Behavior  of  the  solution  and  particles  toward 
alkalies  or  dilute  hydrochloric  acid.  Drugs  containing  oxy- 
methyl-anthraquinone  derivatives,  as  senna,  rhubarb,  aloes,  fran- 
gula  and  cascara  sagrada.  arc  colored  a  deep  red  with  alkalies. 
The  panicles  of  rueilia  give  a  distinct  effervescence  with  hydro- 
chloric acid  particularly  if  the  mixture  is  slightly  heated.  The 
presence  or  absence  of  starch  may  be  determined  by  heating  the 
mixture,  to  which  has  been  added  a  few  drops  of  dilute  hydro- 
chloric acid,  filtering,  and  adding  iodine  to  the  filtrate  when  cool. 
(5)  The  odor  of  the  mixture,  particularly  on  warming,  is  of  con- 
siderable value,  as  in  the  detection  of  belladonna  in  inula  or  of 
conium  in  anise.  The  odor  is  also  of  value  in  recognizing  the 
specimen,  as  very  many  drugs  have  a  characteristic  odor.  The 
odor  of  a  specimen  is  sometimes,  however,  misleafhng,  as  a  num- 
ber of  substances  not  at  all  related  may  have  a  similar  odor.  The 
odor  of  elm  bark,  for  instance,  is  [wssessed  by  other  substances, 
as  fenugreek  and  wheat  middlings,  particularly  if  these  substances 
are  kept  in  a  closed  vessel. 

The  fixed  oil  which  occurs  in  considerable  quantity  in  many 
seeds  interferes  with  their  microscopical  examination,  and  it  is 
necessary  to  remove  this  l>efore  making  mounts  of  the  material. 
This  can  be  accomplished  by  treating  the  powder  with  chloro- 
form, xylol,  acetone,  ether,  or  other  similar  solvents.  Alcohol  as 
a  rule  is  not  a  good  solvent  for  these  oils.  The  solvent  may  be 
added  directly  to  the  mount  and  the  solution  absorbed  by  means 
of  filter  paper.  The  following  drugs  and  foods  contain  fixed  oil 
and  should  be  treated  in  this  way :  Almond,  anisum,  cacao,  carda- 
mom, carum,  conium,  coriandrum,  cubeba,  ergota.  linum,  macis. 
_  myristica.  pimenta,  pcpo,  pi])er.  sinapis  alba,  sinapis  nigra,  staphis- 

^^m    agria,  strophanthus,  and  the  various  cereal  products. 
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ipecacuanha,  4  to  14  m  (those  of  Carthagena  ipecac  being  uniformly 
larger)  (Figs.  203.  291) ;  krameria,  20  to  30  m  (Fig.  196) ;  rheum,  5  to  20 
M  (Figs.  281,  A;  289),  and  sarsaparilla,  7  to  20  m  (Figs.  193,  194). 

Two-  TO  six-compound:    Podophyllum,  5  to  12  /*  (Fig.  223). 

More  than  six-compound:  Capsicum,  3  to  7  /*  (Figs.  252;  301,  C)  ; 
cardamomum,  i  to  4  M  (Fig.  253)  ;  cubeba,  i  to  4  m  (Fig.  250)  ;  gossypii 
cortex,  5  to  20  M  (Figs.  231,  231a);  mezereum,  lo  to  15  m;  myristica, 
5  to  7  m;  pimenta,  7  to  10  m,  and  rubus,  3  to  7  m. 

ELLIPSOIDAL  OR  OVOID  GRAINS. 

Althaea,  10  to  20  m;  geranium,  10  to  15  a* ;  glycyrrhiza,  5  to  10  m  (Figs. 
104 {  282,  B) ;  pareira,  7  to  15  /*;  physostigma,  25  to  40  m;  rumex,  10  to 
20  M  ;  stillingia,  15  to  30  M;  strophanthus,  2  to  4  M  (Figs.  186,  306),  and 
zingiber,  15  to  30  M   (Figs.  212;  317,  C). 

GRAINS  OF  CHARACTERISTIC  SHAPE. 

Calumba,  25  to  35  m  (Fig.  198)  ;  iris  florentina,  15  to  30  /*  (Figs.  317, 
320),  and  potato  and  other  starches  (pp.  785-789). 

ALTERED  GRAINS. 

Guarana,  10  m;  jalapa,  15  to  35  m  (also  two-  to  three-compound)  (Fig. 
288)  ;  tragacantha,  2  to  10  m;  turmeric  in  masses,  70  to  140  m  (Fig.  290). 

AMYLODEXTRIN  GRAINS. 

Mace  (Fig.  190)  contains  starch  grains,  which  give  a  reddish  color 
with  iodine. 


B.  DRUGS  AND  FOODS  WITHOUT  STARCH. 

The  following  are  some  of  the  drugs  which  do  not  contain 
starch : 

Amygdala  amara  and  A.  dulcis  (Figs.  187;  188;  302,  D;  319),  anisum 
(Fig.  244),  aurantii  amari  cortex,  aurantii  dulcis  cortex,  coffee,  carum, 
caryophyllus  (Fig.  312),  cocculus,  colocynthis,  conium  (Fig.  248).  cori- 
andrum  (Fig.  245),  cydonium,  fceniculum.  gentiana  (Fig.  300,  A),  hsema- 
toxylon,  illicium  (Fig.  302,  I),  lappa,  Hmonis  cortex,  linum  (Figs.  184, 
293),  nux  vomica  (except  in  pulp  adhering  to  seed)  (Fig.  318),  pyrethrum, 
quassia  (Figs.  239;  299,  C),  rhus  glabra  (Fig.  285.  /),  santalum  rubrum, 
scilla   (Fig.  281,  /?),  senega,  sinapis  alba  (Fig.  302,  E,  F),  sinapis  nigra, 
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Not  more  tbak  io  m  in  diameter:    Uva  ursi  (Fiff.  300.  D). 

Not  uore  tuan  20  m  in  diameter:  Fran^Ia  (Fig.  228).  glycyrrhtza 
(Figs.  104,  282,  U),  hamamclis,  lioMnatoxylon,  qticrcus  alba  (Fig.  300, 
B,  F)  and  rhamnus  pursliiana  (Figs.  229*,  304). 

Not  more  than  30  fi  in  diameter:     Pninus  virginiana. 

AaouT  35  ^  in  diameter;    Quillaja  (Figs.  315;  281,  C;  300,  G). 

4.    CRYSTALS  IN  RAPHIDES. 

Raphides  arc  found  in  the  following  drugs,  and  of  the  length 
given  with  each; 

Kclladunnz  folia  (occasionally)  (Figs.  285,  A';  287,  C)  ;  cinnamomum, 
about  5  M  (Figs.  224,  235.  305) :  convallaria.  about  45  *•;  cypripcdiiim,  about 
40  m;  ipecacuanha,  30  to  40  m  (Figs.  203,  291);  Phytolacca,  abotit  30  m; 
sarsaparilla,  6  to  8  m  (Figs.  193,  194) :  scilla,  0.1  to  1,0  mm.  (Fig.  281.  B)  ; 
vanilla,  alKiut  400  M  (Figs.  256:  2B5,  C;  313)  :  veratrum  viride.  about  45  ft 
(Figs.  215,  216). 

5.    CRYPTOCRYSTALLINE  CRYSTALS. 

Cryptocrystalline  cnstals  are  found  in  the  following  drugs: 
Belladonnse  folia  (Fig  287.  C).  lielladonnae  radix  (Fig.  281,  D).  cin- 
chona  (Figs.  227,  307),  dulcamara,  Phytolacca,  quassia,  solanum  caroli- 
nense  and  tabacum. 

6.    MEMBRANE  CRYSTALS. 

Membrane  crjstals  arc  found  in  the  following  drttgs: 
Aurantii  amari  cortex,  15  to  ao  M,  and  anrantii  dulcis  cortex,  20  to  30  jk. 


B.     DRUGS  WITHOUT  CALCIUM  OXALATE. 

In  the  following  drugs,  calcium  oxalate  crystals  are  either 

wanting  entirely  or  so  few  as  to  be  without  any  diagnostic  value: 

Aconitum.  apocynum   (Fig.  202),  arnica   (Fig.  241),  capsicum   (Figs. 

252;  301,  C).  chirata,  cimicifuga.  colchici  cormus,  colchici  >ciMen,  colo- 
cynihis,  cubeLa  (Fig.  250),  digitalis  (Figs.  266;  284.  E;  285,  D;  287,  A). 
eupaiorinm,  genliana  (Fig.  300,  A),  griiidclia,  hydrastia  (Figs.  219.  292). 
lappa,  leptandra.  linum  (Figs.  184.  203),  lobelia,  marrubium,  mcntlia 
piperita,  mcnttia  viridis,  mczercum,  niyristica.  nux  vomica  (Figs.  283,  B; 
318).  pareira,  pliysostigma,  ptpcr  (Fig.  3ti),  podophyllum  (Fig,  223), 
rhu^i  glabra  (Fig.  285,  /).  rnsa  gallica,  sabina.  sangiiinaria.  santonica 
(Fig.  2401.  sassafras  (Fig.  236),  senega,  serpentaria.  sinapis  alba  (Figs. 
294:  302,  E.  F),  sinapis  nigra  (Fig.  295).  !«pigc1ia,  staphisngria,  strophan- 
thus  tFigs.  186;  284,  W;  306),  sumbul.  Valeriana  and  zingiber  (Fig.  212). 
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.     <     <r  ...Ori  :.i-ST.\:<EX  FOR  CALCIUM  OXALATE. 

..ci'ii:'  \— i:r  rr-^cLi  have  been  mistaken  for  cnstaUine 
sij^i.      i.'.    -  -*-•—.  1^:  ':<  pitrtcd  out  that  some  of  the  soluble 

•..  ■•  ;■  .r-jL:,i^  -J-  tc^eriir:  and  inulin.  may  be  mistaken  for 
-^..t  --..■■  -^— >  ;  --^ufirr  :xalate.  which  latter  are  of  rare  occur- 
-  i^r      >■-:'=  .:  -^i  ?v:L-"rIi;  carbohydrates,  including  inulin  (Fig. 

^i  ■-■.*;r  IT  s:(^n^cr:. siali  or  irr^ular  spherical  aggregates, 
>  •-^.••  ..-K  T-'.r-:  :r  "e**  easily  soluble  in  water.  They  are  found  in 
•u*."--..   X'.v  irra.  vr^ili.  lappa,  pyrethrum.  taraxacum  and  triticum. 

'     k;  ;<  .-:n7aintxg  calcium  carbonate. 

„it!w.'.=-   .T':.ci     r.«   J&4.  C.I  and  mellia  (Fig.  221). 

nVV  rOR  THE  STUDY  OF  POWDERS. 
*\^\VPERS  OF  A  GREENISH  COLOR. 
I   Cr7«uJs  of  Caldom  Oxalate  present. 

.      /t^>-K-.  S  :X  Rv^SETTE  AGGREGATES. 

,■    ^-".A-.;i:tir  and  non-glandular  hairs  present. 

Cj^:o!:ths  of  calcium  carbonate i.  Cannabis  Indies 

rw.sted  non-glandular  hairs 2.  Eriodictyon 

SMr».-h   grain:»    15    to  40  M   in   diameter 3.    Galla 

L-irge  multicellular  glandular  hairs 4.  Humulus 

Numerous  pollen  grains 5.  Insect  Powder 

O'lAnJular  hairs  few 6.  Stramonii  Folia 

.*■,  Glandular  hairs  wanting. 

Hairs  with  slight  projections 7.  Pilocarpus 

Characteristic  stone  cells 8.  Tea 

.-   OKiiuhilar  and  non-glandular  hairs  wanting. 

Sphere-crystals  of  a  carlmhydrate 9.  Buchu 

Crystals  I  to  J  M  in  protein  grains 10.  Conium 

Crystals    15  m ii.  Castanea 

Crystals  40  to  60  m 12.  Chimaphila 

Outer  wall  of  epidermal  cells  very  thick 13.  Eucalyptus 

Crystal    fibers M-  Granatum 

K    Ix   MOXtHLI.VIC  raiSMS. 

.1.  Glanduhir  and  non-glandular  hairs  present. 

Crystals  about  10  M IS-  Hyoscyamus 


POWDERED  DRUGS  AND  FOODS.  703 

B.  In  MONOCLiNic  PRISMS. — Continued. 

b.  Only  non-glandular  hairs  present. 

Characteristic  stone  cells 16.  Cardamomum  (Ceylon) 

Crystal   fibers 17.   Hamamehdis   Folia 

Fragments  reddish  with  alkalies 18.  Senna 

Non-glandular  hairs   few 19.  Uva  Ursi 

c.  Glandular  and  non-glandular  hairs  wanting. 

Epidermal  cells  with  papillx 20.  Coca 

Few  fragments  of  tissues 21.  Guaiacum 

Few  crystal  fibers  and  non-glandutar  hairs. ..  .22.  Uva  Ursi 

C.  In  crystal  fibers. 

Rosette-shaped  crystals  numerous 23.  Granatum 

Crystal  fibers  few 24.  Uva  Ursi 

D.  In  cryptocrystalline  crystals. 

a.  With  hairs. 

Hairs  few 25.  Belladonnse  Folia 

Non-glandular   hairs   numerous 26.  Tabacum 

Starch  grains  10  to  35  /* 27.  Solanum  Carolinense 

b.  Hairs  few  or  wanting. 

Starch  grains  5  to  7  m 28.  Dulcamara 

II.  Calcium  Oxalate  Crystals  wanting. 

A.  Cystoliths  op  calcium  carbonate  present. 

Glandular  and  non-glandular  hairs 2g.  Cannabis  Indica 

Stone  cells  characteristic 30.  Ruellia 

B.  Calcium  carbonate  wanting. 

a.  Glandular  and  non-glandular  hairs  present. 
a  Fragments  of  pappus  present. 

Pollen  grains  10  to  20  /* 31,  Eupatorium 

Pollen  grains  about  25  /* 32.  Grindetia 

^  Fragments  of  pappus  wanting. 

1.  Glandular  hairs  with    i-  and  2-celled  heads. 

Non-glandular  hairs  characteristic 33,  Digitalis 

2.  Glandular  hairs  with  I-  to  8-celled  head. 

Odor   characteristic 34.  Hedeoma 

Non-glandular   hairs   twisted 35.  Marrubium 

Non-glandular  hairs  i-  to  8-cclled. 

36.  Mentha  Piperita 
Non-glandular  hairs  1-  to  3-cellcd.  .37.  Scutellaria 
Non-glandular  hairs  parallel  with  surface  of  leaf. 

38.  Salvia 


»  '.V  til  ir.n -panrtiirar  laa-;. 
r.  Allien  jrsin.-:  ir^seit. 

riiiri  i-zzCi^i.  -v-r:!  taidt  ■vi-la  j^  5c-:oar--it 

iorzh  fnza.--  zr^'^^sn:  jj.  Ciriarncmnni 

.*.iicr.»is    i.:iiicr.c     .f   i  i-'iijen-T-iIr.-v    ::.j:r 

L  Fracxtcats  of  VcvEtablc  Tiane  pracsc 

J    'f'-.-'r  .';^;;«i«   :sz^u  :-y::zU. 

Crjiz^l    fr.iT'i jt  Fn2g3la 

Sur::-  zr-»;r:i  i»--.::-?r.     .  4^-  Jalapa 

C-i.I'""      "  !^.i  .iT;     !~i"TTS.*    ^    '.'■     IOC    *        J^     tii'ilim 

Cu-i:--irv:::    ^:Ar:h   ?nin* =0.  Ci::n=ba 

5-sr:h   zrirr.-    -A-Zitr. sr.  O^rctiT-a 

Cry-:a"    f.-.-rr- =j.  Frar-guli 

Tra:'".-:.*  v.:-!-    --..rirrei  p.-^rt? 54.  <^ja>?*j 

W'r.'r.  -".r*-:  fr:*?":--:* 55    G'y:yrrr.:za  •  Spar.Uht 

\V::hvj!    z\t'<    fri^— .er:- .  . .  .ffi,  Giycyrrr.iza    -Russian^ 

3  Ir.  r-.phi-Jt^. 

Trachei-f'  v.::r.  '-  r-^-rr*  :  >:r*- ST    Ipecacuanha 

L'jr.at    --i^r-^r.  :"r.yr-.i-   ■:•    r.' er- sS.   Phn.-'Jacca 

Er.dode7u-..-i!  ■:•:!!>   ■.■.;::-.  :::::<  -.vsll^so.  VcratrumViride 
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A.  CoNTAiNiNX  STABCH. — Continued. 

b.  Calcium  oxalate  wanting. 
a  Stone  cells  present. 

Characteristic  starch  grains 60.  Calumba 

J3  Stone  cells  wanting. 

1.  Starch  grains  15  to  y>  /i  in  diameter. 

With  yellow  oil-secretion  ceils t>i.  Zingiber 

2.  Starch  grains  5  to  15  M  in  diameter. 

Long  non-lignified  bast  fibers 62.  Mezcreum 

Ducts    large 63.  Pareira 

Lignified  sclerenchymatous  fibers.. 64.  Serpentaria 
Powder    lemon-yellow 65.  Berberis 

3.  Starch  grains  less  than  5  /^  in  diameter. 

Crystals  of  alkaloids  with  sulphuric  acid, 

66.  Hydrastis 

4.  Starch  grains  altered. 

Large  cells  with  swollen  grains 67.  Curcuma 

B.  Starch  grains  few  or  none. 

a.  Calcium  oxalate  crystals  />resent. 

a  In  rosette  aggregates. 

Non-glandular  hairs 68.  Anisum 

Oil-like  globules  in  epidermis 69.  Calendula 

Non-glandular  hairs  wanting 70.  Foeniculum 

p  In  monoclinic  prisms. 

Crystals  15  to  20  *» 71.  Aurantii  Amari  Cortex 

Crystals  20  to  30  M 72.  Aurantii  Dulcis  Cortex 

7  In  raphides. 

Crystals  0.1  to  i  mm.  long 73.  Scilla 

b.  Calcium  oxalate  crystals  wanting. 

a  Sclerenchymatous  cells  or  fibers  present. 

1.  Dark  pigment  cells  wanting. 

Stone  cells  with  thickened  inner  walls. 

74.  Sinapis  alba 
Stone  cells   ellipsoidal,   uniformly  thickened. 

75-  Pepo 
Parenchyma   cells   targe,   thiii-walled. 

76.  Colocynthis 

2.  Pigment  cells  present. 

Stone  cells  with  thickened  inner  walls. 

77.  Sinapis  Nigra 
Characteristic    sclerenchymatous   cells   and   fibers. 

78.  Fenugreek 
4S 
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2.  Pigment  cells  present. — Continued. 

Short  «cIercnch>-matou5  fibers 79.  Linnm 

A    coIorIe>s    layer    of    cells    with    minnte    starch 

grains 8a    Crdonitun 

?  ScIerench>-matou5  tissue  wanting. 

1.  Pollen  grains  numerous. 

Fragments  of  pappu; Si.  Arnicae  Flores 

Pollen  grates  smooth ^2.  Sambucns 

Pollen  grains  spinose 8j.  Matricaria 

2.  Pollen  grains  few. 

Poilen    grains   prickly 84.    Calenilnla 

Pollen  grains  nearly   smooth Z^  Crocus 

Corolla    white S6.  Anthemis 

Bitter,  ducts  scalariform 87.  Chirata 

3.  Pollen  grains  wanting. 

•  Fibrovascular  tissue  present. 

Containing    inulin   masses 88.  Lappa 

Sclerenchj-matous  fibers  numerous. 89.  Senega 
Starch  and  scalariform  trachex.  .90.  Aspidium 
••  Fibro\'a5Cular  tissue  wanting. 

Few  fragments  of  tiss'.:c^ 91.   Cambogia 

Large   glandular   hairs 92.    Lupulinum 

Tetrahedral  spores 93.  Lycopodium 

11.  Pew  or  No  Fragments  of  Vegetmble  Tissue. 

A.  CrVIXC    OFF    ODOR    OF    SLXPHVR    DIOXIDE    ON    HE.Ml.Va 

Rounded  masses  in  chain? 94.  Sulphur  Lotum 

Rounded  masses  in  irregular  groups.. 95.  Sulphur  Prsecipitatnm 

B.  XO    ODOR    OF    SO;    OX    HEATING. 

a.  Xearly  colorless  in  glycerin  mount. 

Transparent,   irregular   masses 96.  Mastiche 

b-  Yellowish  in  glycerin  mount. 

a  Containing  oil  globules. 

Irregular    masses 97.  Scammonium 

P  Transparent  or  translucent. 

Soluble  in  cold  alcohol 98.  Colophony 

Insoluble  in  cold  alcohol 99.  Sandarac 

Rc<idi^h   with   alkalies lOO.   Aloe    vCape) 

y  More  opaque. 

Light   or   grayish   particle^ loi.    .Ammoniac 

Yellowi^h  particles lOJ.  Cambogia 
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POWDERS  OF  A  BROWNISH  COLOR. 

I.  Fibrovascular  Tissue  present. 
A,  Containing  starch. 

a.  Calcium  oxalate  crystals  present 
«  In  rosette  aggregates. 

1.  With  sclerenchymatous  fibers. 

*  Containing  oil,  resin  or  tannin  masses. 

Sclerenchymatous  fibers  few. 

103.  Belladonnae  Radix 
Starch  grains  4  to  20  ^. . .  104.  Gossypii  Cortex 
Starch  grains  3  to  7  M,  compound.  .105.  Rubus 

Crystals  10  to  35  m 106.  Juglans 

Crystals  35  to  70  /* 107.  Aralia  Nudicaulis 

Starch  grains  15  to  30  m 108.  Sttllingia 

Modified  bast  fibers 109.  Euonymus 

Red  with  alkalies no.  Rumex 

Fibers  few i  loa.  Canella 

♦*  No  resin  or  tannin  masses. 

Crystals  about  25  m 11 1.  Althza 

2.  Sclerenchymatous  fibers  wanting. 

*  Containing  tannin. 

t  With  oil-secretion  reservoirs. 

Starch  grains  ellipsoidal.  1 12.  Fruit  of  Clove 
Reddish  brown  tannin  masses.  113.  Pimenta 
tt  Oil-secretion  reservoirs  wanting. 

Light-brown  tannin  masses 114.  Galla 

Calcium  oxalate  45  to  70  M.115.  Geranium 
Calcium  oxalate  50  to  100  m.  . .  116.  Rheum 
**  Without  tannin. 

Cryptocrystalline  crystals. 

117.  Belladonnse  Radix 
j3  Crystals  in  monoclinic  prisms  and  pyramids. 

Crystal   fibers 118.  Frangula 

Sclerenchymatous  fibers  characteristic. .  .119.  Krameria 
Crystal  fibers  and  stone  cells.  .120.  Rhamnus  Purshiana 

Crystals  in  stone  cells 121.  Juniperus 

7  Crystal  fibers  present. 

I.  Sclerenchymatous  fibers  strongly  lignified. 

*  Colored  reddish  with  alkalies. 

Without  stone  cells 122.  Frangula 

With  stone  cells 123.  Rhamnus  Purshiana 
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1.  Sclerenchymatous  fibers  strongly  lignified. — Continued 

♦*  Not  colored  reddish  with  alkalies. 

Stone  cells  characteristic.  ..124.  Qucrcus  Alba 
Stone  cells  characteristic. 

125.  Prunus  Virginiana 

Taste  bitter,  acrid 126.  Myrica  Cerifera 

Taste  sweetish,  slightly  bitter. 

127.  Pulvis  Glycyrrhjzae  Compositus 

2.  Sclerenchymatous  fibers  not  strongly  lignified. 

Fragments  of  ducts 128.  Calamus 

No  fragments  of  ducts 129.  Ulmus 

8  Calcium  oxalate  in  raphides. 

1.  Raphides  not  more  than  10  m  long. 

No  fragments  of  ducts 130.  Cinnamomum 

Fragments  of  ducts  present 131.  Sarsaparilla 

2.  Raphides  40  to  45  m  long. 

Spherical  starch  grains  3  to  12  M- 

132.  Convallaria 
Thick-walled  parenchyma  with  simple  pores. 

^i^'  Cypripedium 
Ellipsoidal  starch  grains  7  to  20  m. 

134.  Veratrum  Viride 

3.  Raphides  200  n  long. 

Starch  grains  4  to  15  /* 135.  Hydrangea 

c  Calcium  oxalate  in  cfyptocryslalline  crystals. 

Sclerenchymatous  filers  few....  136.  Belladonnae  Radix 
Bast  fibers  characteristic 137.  Ciuchona 

b.  Calcium  oxalate  crystals  wanting, 
a  With  non-glandular  hairs. 

Greenish  fragments  with  sulphuric  acid. 

138.  Strophanthus 
/3  Non-glandular  hairs  wanting. 

I.  Sclerenchymatous  fibers  present. 
*  Trachf.T  niiiiierous. 

t  Starch  grains  2  to  5  /*  in  diameter. 
Ducts  large  and  with  bordered  pores. 

139.  Cimicifuga 
Thick-walled     parenchyma     with     simple 

pores 140.  Cypripedium 

Scalariform  ducts 141.  Leptandra 

TrachfK  with  reddish  contents.  142.  Spigclia 
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•  Trachesc  ntxmcrous.~-C ontintttd. 
tt  Starch  grains  5  to  15  or  20  M  in  diameter. 

Charade ri*«tic  March  grains.  143.  Zingiber 

Odor  of  couniarin 144.  Tonka 

Chocolttc  lasic 145.  Gxoa  Shells 

Fragments  of  milk  vessels.  146.  Apocynum 

Kaiihidc^  45  ft  Nmg 147,  Convallaria 

Raphirirs  6  tu  8  M  long . . .  148.  Sarsaparilla 
Duels  with  bordered  pores.. .149.  Sumbul 
Stone  cells  characteristic  .150.  Valeriana 

Stone  cells.... 151.  Methysticura 

•♦  Tracliex  few  or  none- 
Characteristic  bast   fibers 152.  Cinchona 

Raphiilcs  nltnui  5  m  long..    155.  Cinn.imomum 

Short  sclcrenchyniatous  fibers 154.  Coffee 

Starch  grains  7  to  jo  m,  compound. 

155.  Sassafras 
2.  ScIcrench>*matoiis  fibers  wanting. 

•  Stone  cells  present, 
t  Giving  tannin  reaction  with  ferric  salts. 

Stone  cells  characteristic 156.  Cacao 

Altered  starch  grains 157.  Guarana 

Stone  cells  characteristic 158.  Piper 

Thick-walled  endosperm  cells. 

159.  Colchici  Semen 
tt  Not  becoming  lilue  or  green  with  ferric  salts. 

Starch  grains  4  to  12  ^ 160.  Aconitum 

Starch  grains  25  to  40  ^.t6i.  Pbysostigma 
•♦  Stone  cells  wanting. 

Starch  grains  7  to  20  ;i. . .  163.  Colchici  Cbrmus 

Altered  starch  grains .163.  Guarana 

Numerous  oil  gluliules 164.  Myristica 

Amylo-dexirin  starch  grains 165.  Macis 

Few  fragments  of  vegetable  tissue.  166.  Opium 

Starch  grains  5  to  12  /* 167,  Pwlophyllum 

Odor  characteristic 168.  Chcnopodium 

B.  Starch  crains  pew  ok  none. 
a.  Containing  calcium  oxalate. 
«  In  rv-scltf  ttgs^cgatcs. 

I.  Small  crystals  in  aleurone  grains. 

With  non-glandular  hairs 169.  Anisum 

Calcium  oxalate  0.5  to  i  f* 170.  Carum 

Calcium  oxalate  3  to  7  ft I7r  Coriandrnm 

Calcium  oxalate  i  to  2  m I72.  Freniculuin 
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II.  Without  Fibrovascular  Tissue. 

A.  WiTB  CELLULAR  TISSUES. 

Spores  about  7  *• lOS-  Uslilago 

Numerous  oil  globules 196.  Ergou 

Thick-wallcd  cells  of  aipsulei 197.  Opium 

FragincnU  of  woody  tiitsues 198.  Goa  Powder 

B.  Without  cellular  tissues. 

a.  Possessing  oil. 

Grayish  fragments 199.  Asafctida 

Yellowish  or  yellowish-brown  fragments. 200.  M>Trlia 

b.  Witltout  oil 
a  Remaining  opaque  in  glycerin. 

Characteristic  odor 201.  Aloes  (Socotrine) 

Characteristic  odor 202.  Benzoinum 

Grayish  opaque  fragments 2oj.  Elnicriiium 

Brownish  angular  masses 204.  Lactucarium 

?  More  or  less  translucent  in  glycerin. 

Dark  brown 305.  Aloes    (Curacao) 

Yellowish-brown.... 206.  Aloes  (Socotrine) 

With  aciciilar  crystals 207.  Gambir 

With  rhombohedral  crystals. aoS.  Catechu 

Fragments  translucent,  deep  red ....209.  Kino 

POWDERS  OF  A  REDDISH  COLOR. 

I.  Contaitiing  Starch. 

Very  light  pink,  cr>stals  present 3io.  Quillaja 

Reddish,  crystals  wanting Jii.  Sanguinaria 

II.  Without  Starch. 

A.  Stone  cells  prese.vt. 

Characteristic  stone  cells 212.  Capsicum 

Characteristic    stone   cells 213,  Illicium 

Mucilage  cells  and  sclerenchymatous  fibers 214.  Cydonium 

Characteristic  glandular  hairs 215.  Rhus  Glabra 

Non-glandular  hairs  0.5  to  2  mm.  long.  .3l6.  Rosae  Canime  Fructu* 
Woody  tihsut-s  only 217.  Willow  Charcoal 

B.  Stone  cells  wantikg. 

c.  With  wood  fibers. 

Coloring  principle  soluble  in  water 218.  Hxmatoxylon 

Coloring  principle  insoluble  in  water. 219.  Santalum  Rubrum 

b.  Wood  fibers  wanting. 

Blue  with  sulphuric  acid 220.  Crocus 

Containing  t-nnnin 221.  Kino 

Large  glandular  hairs 223.  Lupullnum 
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c.  Plant  tissues  in  addition  to  starch. — Continued. 

P  Soluble  or  swelling  in  cold  water  to  form  a  sticky  mass. 

Starch  and  fragments  of  ducts 250.  Tragacantha 

B.  Without  starch. 

a.  Calcium  oxalate  present. 

Raphides  0.1  to  1  mm 251.  SciUa 

b.  Calcium  oxalate  wanting. 

Characteristic  lignified  hairs 252.  Nux  Vomica 

Characteristic  stone  cells 253.  Almond 

U.  Absence  of  Plant  Tissues. 

A.  Soluble  in  water. 

Forming  a  mucilage  with  water 254.  Acacia 

Monoclinic  prisms 255.  Saccharum 

B.  Insoluble  in  water. 

a.  Soluble  in  alcohol. 

Irregular  fragments 256.  Camphora 

b.  Insoluble  in  alcohol. 

a  Reddish  color  with  sulphuric  acid. 

Gritty ;   monoclinic   prisms   of   various   sizes. 

257.  Saccharum  Lactts 
P  No  color  reaction  with  sulphuric  acid. 

1.  Soapy  feel. 

Broken    crystals 258.  Talc 

2.  Soluble  in  acetic  acid. 

*  With  effervescence. 

In    prisms    or    irregular    angular    fragments. 
259.  Precipitated  Calcium  Carbonate 
An  amorphous  powder. .  .260.  Prepared  Chalk 
Rhombic  crystals  or  irregular  fragments. 

261.  Barium  Carbonate 
**  Without    effervescence. 

Rounded  masses 262.  Heavy  Magnesia 

Very  light 263.  Light  Magnesia 

3.  Insoluble  in  acetic  acid. 

*  Soluble  in  nitric  acid. 

Tetragonal  or  cubical  crystals. 

264.Precipitated  Calcium  Phosphate 

Aciciilar  crystals 265.  Calcium  Sulphate 

Rhombic  prisms  or  crystals  of  various  sizes. 

266.  Barium  Sulphate 

Irregular  fragments 267.  Terra  Alba 
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POWDERS  OF  A  GREENISH  COLOR. 

In  this  group  are  included  all  those  drugs  which  in  a  pow- 
dered condition  arc  of  a  light-green,  vellowish-grcen  or  dark- 
green  (sap-green)  color.  Most  of  the  powders  of  the  leaves  and 
herbs  belong  to  this  class. 


I.  CRYSTALS  OF  CALCIUM  OXALATE  PRESENT. 
A.  CRYSTALS  IN  ROSETTE  AGGREGATES. 

a.     GLAXDVLAR  AND  NOV-CI-AVDULAR  HAfRS  PRESENT. 

1.  CANNABIS  INDICA.— Dark  green  (Figs.  284,  C;  279) ; 
non-glandular  hairs,  i-cellcd.  more  or  less  curved,  with  numerous 
slight  projections,  and  sometimes  with  c^'stoliths  of  calcium 
carbonate:  glandular  hairs  two  kinds — cither  with  short  unicel- 
lular or  multicellular  stalks — and  8-  to  16-celIcd  glandular  heads; 
calcium  oxalate,  in  rosette  aggregates  about  20  ^  in  diameter; 
numerous  oil  globules  and  resin  fragments ;  few  nearly  spherical 
pollen  grains  25  to  35  n  in  diameter,  with  numerous  centrifugal 
projections,  among  club-sliaped  unicellular  hairs  of  style;  ducts 
spiral  or  with  simple  or  bordered  pores;  sclerenchymatous  fibers 
long,  thin-walled,  non-lignified,  and  with  few  simple  pores ;  lati- 
ciferous  vessels  with  reddish-brown  contents.  When  mature  seeds 
are  present,  palisade-likc  stone  cells  occur,  which  are  very  thick- 
wallcd,  and  have  a  small  lumen. 

2.  ERIODlC"rYON.— Dark  green;  calcium  oxalate  in  rosette 
aggregates.  20  to  25  ^  in  diameter;  non-glandular  hairs  l-ce!Iect 
and  thick-wallcd  (Fig.  283,  A);  glandular  hairs  with  l-celled 
stalk  and  6-  to  8-ccIlcd  glandular  head  (Fig.  285.  F).  In  pow- 
der of  tlie  stems  occur:  ducts,  spiral  or  with  simple  or  bordered 
pores:  sclerenchymatous  fibers  cither  non-lignified  and  thin- 
walled,  or  lignitied  and  thick-wallcd.  and  with  numerous  simple 
pores;  pith  cells  somewliat  tabular,  thick-walled,  slightly  ligni- 
fied,  and  with  numerous  simple  pores. 

3.  GALLA  (Chinese  or  Japanese). — Grayish-green;  calcium 
oxalate  crj-stals  about  20  /a  in  diameter:  starch  grains  15  to  40  pL 
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in  diameter;  non-glantlular  hairs:   milk   vessels   accompanying 
ducts.    Mounts  in  glycerin  may  show  acicular  crystals. 

4.  HUMULUS. — 1-ight  green;  calcium  oxalate  in  rosette 
aggregates,  10  to  15  ;i  in  diameter;  non-glandular  hairs  unicel- 
lular, more  or  less  bent,  thin-walled,  0.2  to  0.3  mm.  long;  gland- 
ular hairs  of  two  kinds  (Fig.  298),  either  with  a  3-ccIIed  stalk 


"V 


PtG.  179.  Cannabis  indica:  Cy.  non-glsTKluIikr  hain  contauuiw  calcium  carbonate 
In  the  form  of  cv&ioliths;  G,  multicelluUr  jilaodular  hairs  dt  the  bracts;  Gs.  multicctlular 
beads  of  kiUn'iitlar  bain;  S.  papdlls  of  ftutma:  B.  trachcv:  with  boniered  pores,  [imcnt 
in  Mem  frajtmcniH;  T,  tracbue  with  annular  tnarkinjKx;  P,  {H>11en  iirain»-.  Ca.  roMtte 
aCfTBfatrs  of  calcium  oxalate;  N.  thick-waDcd  Don-gUndulir  hair  with  ntimcroua  papilla 
on  tha  surface. 

and  a  nearly  colorless,  nndticellular.  glandular  head  about  50/itn 
diameter,  or  with  a  short  4-celIed  stalk  and  a  multicellular,  bright 
yellow,  glandular  head  o.i  to  0.3  mm.  in  diameter  (Fig.  136). 

5,  INSECT  P0\VT:)ER  (Persian)  (p.  395).— Grayish-green 
(Fig.  z8o)  ;  with  numerous  rounded  and  prickly  pollen  grains, 
85  /A  in  diameter:  a  few  crystals  2  to  8  //  in  diameter,  in  stone 
ells  or  in  parenchyma  adjoining;  sclerenchyma  fibers  about  20  /a 
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in  diameter  and  lOO  to  i6o  fx  long ;  fragments  of  T-shaped  non- 
glandular  liairs  less  numerous  than  in  Dalmatian  powder;  char- 
acteristic, isolated,  somewhat  rounded  or  elliptical  parench)'ma 
cells,  also  occurring   in   papillx-like   fragments;   fragments  of 


V 


'i* 


pa 


JV 


fcav 


^v 


tep 


'JP' 


Pir..  jSo.  FU»re»  Pyrcthii  (InMCt  flowtn);  tc.  »loiM  celU:  ei>.  upper  epidprmia  ot 
fttvftct;  b.  h,  oon-sUnduliir  tuinof  btmcts',  ept.  papUkcon  th«  upp<Tsun'tKc  of  ;lic  liifulate 
carulU:  St.  Si',  loose  pwrtnehynia  of  th*  liguUiecorollft;  r,  «  trarheftof  a  bract  vrilh  Annular 
tbickeninii:  S,  tcxithof  atulmlitr  tluni.  Kimr  of  theccIUof  «hkb  contain  rosette  ogstegata 
of  calcium  onalAle;  rp',  ei>tilrrmis  of  the  undt-r  turface  oi  a  liuulatc  corolla;  P,  aeetion  of 
p«pptu  thowins  some  of  the  liKTtified  cellfr,  some  ot  which  contain  monocllnic  priimft  m 
thown  at  rh;  (w.  paTench>-nu  of  a  bract'.  Tr.  somewhat  thickened,  pomtu  cells  of  the 
pericarp;  D.  sluidular  hairi  found  on  the  wrII  of  the  ovary;  po.  poUen  erains:  iep,  cells 
of  the  IavoIuctb  Ijetweeo  the  bract*. — After  llanauiek. 

acute  papillx  (cpitlcrmis  of  corolla),  which  are  more  numerous 
than  in  Dalmation  powder :  glandular  hairs  about  50  /i  in  diameter, 
being  smaller  than  in  Dalmatian  powder;  rose-colored  fragments 
in  chloral  mounts  possibly  more  numerous  in  the  Persian  powder. 
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6.  STRAMOKII  FOLIA.— Dark  green  (Fig.  117);  cal- 
cium oxalate  in  rosette  aggregates  10  to  20  f»  in  diameter; 
non-glandular  hairs  few.  2-  to  3-celled.  with  numerous  slight 
centrifugal  projections:  glandular  hairs  few.  stalk  I-  to  2-celled, 
glandular  head  2-  to  4-celled  (Figs.  106,  A;  285,  C;  287,  D). 


b.     GLANDULAR    HAIRS    WANTING. 

7.  PILOCARPUS.— Dark  green  (Fig.  257);  epidermal  cells 
on  surface  view  5-  to  6-sided,  walls  straight;  calcium  oxalate 
crystals  in  rosette  aggregates,  20  to  30  /i  in  diameter,  frequently 
in  palisade  cells  and  also  in  cells  in  the  air  spaces  of  the  stomata ; 
mcsophyll  cells  freciuenily  with  rcddish-hrown  tannin  masses, 
turning  green  with  am monio- ferric  sulphate  solution;  non-gland- 
ular hairs  l-celled,  thick-wallcd,  with  numerous  slight  centrifugal 
projections,  0.4  to  0-6  mm.  long  in  P.  Jaborandi  and  40  to  60  /* 
in  P.  ffinnoiifolius  and  P.  microf>hyllus.  In  P.  micro f*hyilus  the 
stomata  are  smaller  than  in  the  other  two  species. 

8.  TEA. — Large,  elongated,  irregular  ani!  colorless  stone 
cells  (idioblasts)  ;  numerous  unicellular,  long,  thick-walled,  non- 
glandular  hairs  10  ^  wide;  rosette  aggregates  of  calcium  oxalate 
10  /*  in  diameter ;  characteristic  stomata  30  to  fio  ;4  in  diameter, 
with  3  or  4  accompanying  cells.  Aduherants  are  distinguished 
by  possessing  chiefly  other  forms  of  calcium  oxalate  crystals  and 
hairs. 

Allibd  Plants. — Mate  or  Paraguay  tea  (p.  322)  is  distin- 
guished by  the  stomata.  which  arc  much  larger  than  the  epi- 
dermal cells  of  the  lower  surface :  the  epidermal  cells  occurring 
near  the  veins  arc  in  nearly  parallel  rows  and  with  a  striated 
surface;  sclerenchymatous  fibers  arc  associated  with  the  tracheae, 
and  calcium  oxalate  occurs  in  rosette  aggregates. 

Adulterants; — Ash  leaves  (species  of  Fraxinus)  have 
rather  characteristic  "  homeil  "  stomata.  due  to  the  extra*develop- 
ment  of  the  cutinous  layers  at  the  poles  of  the  stomata ;  the  epider- 
mal cells  are  very  wavy  in  outline.  Camei-lia  leaves  contain  idio- 
blasts (similar  to  those  in  tea  leaves)  and  calcium  oxalate  crystals, 
but  the  lower  epidermis  is  thick-walled  and  with  centripetal  thick- 
ening. Cherrv  leaves  {Pruttus  afitnit)  have  numerous  small  rosette 
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have  either  a  3-celled  or  multicellular  stalk  and  a  large,  multicel- 
lular head.  Mountain  Ash  or  European  Rowan  iSorbus  .-iucu- 
paria)  possesses  long,  thin-walled,  non-glandular  hairs  with 
rounded  base.  Mulbckry  leaves  (Morus  alba  and  M.  nigra) 
have  cystoliths  in  epidermal  cells,  non-glandular  and  glandular 
hairs,  the  latter  wilh  unicellular  stalk  and  5-  to  g-celled  iicad. 
Oak  leaves  (Qaercus  pcdunculata  and  Q.  scssiliHora)  have  2-  to 
3-ccI!ed.  non-glandular  hairs  and  stomata  only  on  epidermis  of 
lower  surface.  Sloe  leaves  {Prunus  spinosa)  have  rather  char- 
acteristic crystal  fibers.  Str.wvberrv  {Fragaria  vesca)  has  long, 
unicellular,  non-g!anduIar  hairs,  the  basal  portion  of  which  has 
a  thick  wall  with  simple  pores,  and  glandular  hairs  consisting 
of  a  3-ceIled  stalk  and  large  head,  the  cells  swelling  considerably 
in  chloral  solutions.  The  It-aves  of  the  wiu-ow-herb  (Epito- 
binm  angustJfoHurn)  contain  numerous  raphides  and  the  non- 
glandular  hairs  are  slightly  wav>',  rather  broad  and  with  rounded 
ends.  Willow  leaves  (species  of  Sali.r)  have  small  stoniata 
(about  25  /I  in  diameter)  with  two  accompanying  cells;  the  hairs 
are  crooked  and  with  thin  walls ;  the  calcium  oxalate  occurs  in 
rosette  aggregates  and  morocUnlc  prisms.  Wistaria  (Kraunhia 
Horibitnda)  has  non-glandular  hairs  with  2  short  basal  cells  and 
a  long,  thin-walled  pointed  cell :  stomata  only  occur  in  the  lower 
epidermis. 


C.    GLANDULAR  AXD  NOK-GLANDin-AR  HAIRS  WANTING. 

9.  BUCHU. — Light  green ;  calcium  oxabte  in  rosette  aggre- 
gates. 15  to  2$  fi  in  diameter;  epidermal  cells  with  irregular  masses 
or  sphere-crystals  of  a  carbohydrate.  30  10  50  n  in  diameter,  and 
with  walls  modified  to  mucilage ;  oil  globules  numerous. 

10.  CONiUM. — Grayish-green  or  yellowish-brown  (Fig- 
248)  ;  calcium  oxalate  crystals  in  rosette  aggregates,  i  to  2  ft  in 
diameter,  those  in  aleurone  grains  about  5  /*  in  diameter;  paren- 
chyma with  chloroplastids  and  starch  grains  2  to  4  /*  in  diameter ; 
sclerenchymatous  fil)ers  long,  thin-walled,  with  numerous  simple 
oblique  ]xjres;  intermediate  fibers  with  reticulated  walls;  cells 
of  pericarp  nearly  isodiamctric,  yellowish,  irregularly  thickened, 
somewhat  collenchymatous :  oil  globules  numerous. 
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11.  CASTAXEA. — The  cells  contain  tannin  masses,  giving  a 
blue  color  with  ferric  chloride.     (See  No.  i8,  under  Senna.) 

12.  CHIMAPHILA, — Dark  green;  calcium  oxalate  in  rosette 
aggregates  40  to  60  fi  in  diameter ;  mesophyll  with  irregular,  red- 
dish-brown tannin  masses. 

13.  EUCALYPTUS. — ^Light  green ;  calcium  oxalate  in  rosette 
aggregates  or  monoclinic  prisms  15  to  25  ;<  in  diameter;  outer 
wall  of  cpldcrtnal  cells  about  20  m  thick.  In  leaves  from  younger 
parts  o£  the  tree  tlie  outer  wall  of  the  epidermal  cells  is  5  to  8  /i 
thick. 

14.  GRANATUM.— (See  No.  23.) 


o 


v^a" 


H 

Pio.  ihi  A,  traoavcnK  section  of  hyoacyamus  leaf  khowiog  monoclinic  prlnnt  of 
calcium  oxaUtc.  Il(k>  it  twin-rrv-Mtal;  R.  lonKiluitinal  »«ciinn  of  glycyfrhiza  showing  a 
crvs^l  tiber.  t.r.  ■  row  of  flupnimpoacd  celts.  «ikch  contAining  a  jwlygonftl  mofMcIinle 
pmm  o(  calcium  oxoUtr.  ihf  cn-Ktal  fillinB  the  rtl)  Ad^oininn  ihr  crystKl  fihrr  ii  a  Coup 
of  iMUt  flbcn  on  uoe  «ide  oniJ  lumr  cells  cutitaitiias  itxicli  un  tlie  olber. 


B.  CALCIUM  OXALATE  IN  MONOCLINIC  PRISMS. 

O.     GLANDULAR  AND  NON-GLANDULAR   HAIRS  PRESENT. 

15.  HYOSCYAMUS.— Dark  green  (Fig.  282.  A),  calcium 
oxalate  in  single  or  twin  monoclinic  prisms  about  10  ^  in  diam- 
eter, occasionally  in  roscttc-shapcd  crvstals;  non-glandular  hairs 
numerous,  I-  to  5 -eel led :  glandular  hairs  numerous,  of  three  dif- 
ferent kinds,  stalks  I-  to  4-cclled.  glandular  heads  one-  to  many- 
celled  (see  also  Figs.  287,  B:  302,  A). 


POWDERED  DRUGS  AND  FOODS. 


yzx 


b.     ONLY   NON-CU\XDCLAR   UAIRS  PRESENT. 

16.  CfVRDAMOMUM.— (See  No.  43) 

17.  HAMAMELIDIS  FOLIA.— Dark  green ;  calcium  oxalate 
in  monoclinic  prisms  7  to  20  ^  in  diameter.  fre(|uontIy  in  crystal 
fibers;  non-glandnlar  hairs  i-celled.  about  0.5  mm.  long,  more 
or  less  curved,  thick-walled,  with  yellowish-brown  contents, 
arranged  in  groups  of  atwui  fifteen,  and  spreading  from  tlie  base; 
mesophyll  with  irregular  tannin  masses :  sclerenchymatous  fibers 
thick-wallcd,  lignified  and  wiili  simple  pores. 

B  c 


Plo.  183.  Focnu  of  noo-glandular  hairt:  A.  twicted  bain  (torn  under  curfAcc  of 
Ic&f  0/  tfricxtictyon:  B,  lisnilieiJ  hturt  from  the  tptdmnU  of  nux  vomica:  C,  braocbins 
bain  from  tba  leaf  of  muUeia  {VtrbastitM  Uhipnu). 

18.  SENNA. — Light  green  (Figs.  265;  284,  D);  non-gland- 
ular hairs  0.1  to  0.2  mm.  long,  i-celled.  thick-walled.  llie  wall  of 
the  upper  part  strongly  cutinized,  with  numerous  slight  centrif- 
ugal projections;  calcium  oxalate  in  rosette  aggregates,  or  occa- 
sionally in  monoclinic  prisms.  10  to  20  /i  in  diameter;  fragments 
colored  reddish  with  potassium  hy<!ratc  sohition. 

The  powder  nf  Indian  senna  (Cassia  anguslifoUa)  is  dark 
green  and  has  relatively  few  non-glandular  hairs.  In  the  powder 
of  Argcl  Leaves  (Solenostemma  ArgeJ,  Fam.  Asclcpiadacea^>  the 
non-glandular  hairs  are  3-  to  4-celled.  In  the  leaves  of  Casianea 
dentata  (Fam.  Fagaceoe")  the  non-glandular  hairs  are  relatively 
f  lew,  0.2  to  0.5  mm.  long,  nearly  smooth,  thick-wallcd,  occasionally 
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in  groups  of  three  to  eight  and  spreading  from  the  base.  The 
calcium  oxalate  crystals  are  numerous,  in  rosette  aggregates  or 
in  monoclinic  prisms,  lo  to  35  /*  in  diameter,  occasionally  in  crys- 


PiG.  984-     Farms  of  non-ftlandular  hairs:    A.  hair  from  the  epidermis  of  strophanthus; 

B,  a  hair  from  the  capsule  of  MaUotus  philippinensts  (found  in  the  drug  known  as  kanuda) ; 

C,  haii^  from  the  leaves  and  bracts  of  cannabis  indica.  two  of  them  containing  cystolitht 
of  calcium  carbonate;  D,  a  hair  from  the  under  surface  of  the  leaf  of  seima;  E.  hairs  from 
leaf  of  digitaliR:  F,  two  forms  of  hairs  from  saRe  leaf:  O,  two  forms  of  hairs  from  the  leaves 
of  wormwood  {Artemisia  Absinthium) :  a  T-shapcd  non-glandular  hair  and  a  short  glandular 
hair. 

tal  fibers :  the  parenchymatous  cells  contain  irregular  yellowish- 
brown  tannin  masses  which  are  colored  blue  with  ammonio- ferric 
alum  solution. 
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Pig.  285.  Ponns  of  glandular  hairs:  A.  cnrkscrew-like  hairs  from  the  inner  surface 
of  the  spurred  corolla  of  lavender;  B,  lontfitudinal  section  of  rhisome  of  Aspidium  margt>uUt 
showing  targe  intercellular  space  and  an  internal  oil-secretion  hair;  C,  hairs  from  stra- 
monium leaf;  D,  hairs  from  diRitalis;  E,  hatr  from  sage;  F,  hair  from  eriodictyon;  G, 
hairs  iiom  inner  walls  of  pericarr'  uf  vanilla:  H,  hair  from  cannabis  indica;  I,  hairs  from 
surface  of  fruit  of  Rhus  glabra;  K,  hairs  from  belladonna  leaf. 
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C.     GLANDULAR  AND  NON-CLAXDULAR  HAIRS  WANTING. 

20.  COCA. — Dark  green  (Fig.  286),  calcium  oxalate  in 
monoclinic  prisms  3  to  10  ;i  in  diameter ;  walls  of  under  epidermal 
cells  extended  as  minute  papillae  (Fig.  261). 

21.  GUAIACUM. — Dark  green  (p.  669) ;  numerous  lemon- 
yellow  or  dark  brown   resin   masses,  which  when  mounted  in 
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Pin.  3i6.  Cock  leaf:  O,  tiexiicnoal  prixmit  of  calcium  ox&lata;  U,  surface  view  of 
■  celt  of  ttte  upper  cpidmuis;  L.  view  of  (ra«mcnli  of  lown  cpidernus  in  curfacv  vwi  ctom 
lectkina,  ahowiag  clllpttcaJ  itomnbt.  aiwl  ccIU  mth  circles  which  represent  p«pill>e  in 
ffurfacc  view;  S,  •clermcbynulic  fiben:  M.  luoie  parenchynui.  Two  fraKitentB  with  An- 
nular traehes  are  also  ahown. 


chloral  are  wine-colored  at  the  margin;  few  fragments  of  tissues 
with  characteristic  sclerenchymatous  cells  and  filKTs;  few  crystals 
of  calcium  oxalate  in  monoclinic  prisms. 

22.  V\'j\  URSI. — Yellowish-green:  calcium  oxalate  in  mono- 
clinic prisms  7  to  10  yu  in  diameter,  frequently  in  crystal  fibers; 
non-glandular  hairs  few.  somewliat  curved,  i -celled,  thick-walled, 
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longitudinally  striate:  inesophvll  with  irregular,  yellowish-brown 
tannin  masses ;  characteristic  sclerench\Tnatous  fibers  ( Fig. 
300.  D). 

C.   CALCIUM  OXALATE  IN  CRYSTAL  FIBERS. 

23.  GRANATUM. — Dark  green  (Fig.  234),  crystal  fibers 
containing  calcium  oxalate  in  rosette  aggregates  and  monoclinic 
prisms,  at>out  15  /*  in  diameter;  sclerenchymatous  cells  non- 
lignified,  thick-wallcd,  with  distinct  lamellse.  simple,  more  or 
less  branching  pores ;  starch  grains  spherical,  5  to  7  ;i  in  diameter ; 
sonic  parench>'matous  cells  with  marked  centripetal  thickenings, 
others  with  irregular  tannin  masses.  Tlie  powder  of  the  root 
bark  is  free  from  chloroplastids;  tlie  cork  cells  are  more  numerous 
and  the  scJercnchvmatons  cells  more  irregular  in  shape. 

24.  UVA  URSL— (See  No.  22.) 

D,    CALCIUM  OXALATE  IM  CRYPTOCRVSTALLINE  CRYSTALS. 


a.     WITH    H.AIKS. 

25.  BELLADONNA  FOLIA.— Dark  green  (Fig.  287.  C); 
calcium  oxalate  in  cryptocr>'atalline  crystals,  occasionally  in  raph- 
ides  or  rosette  aggregates;  non-glandular  hairs  few.  simple.  2-  to 
5-celled ;  glandular  hairs  few,  of  two  kinds,  stalks  one-  to  tliree- 
celled.  glandular  heads  one-  to  many-celled  (Fig.  285.  K), 

26.  TABACIJM. — Greenish-brown ;  non-glandular  hairs.  3-  to 
6-celled,  with  a  broad  ba.sal  cell  and  not  infrequently  branching 
apical  cells;  glandular  hairs  of  two  kinds,  cither  with  a  i-ccllcd 
stalk  or  3-  to  5-celled  stalk,  the  head  in  each  case  lieing  rather 
small  and  with  8  to  y  cells ;  stomata  large  and  with  2  or  3  neigh- 
boring cells;  epidermal  cells  striated  and  somewhat  granular  on 
surface  view ;  the  cells  of  the  mesophyll  with  a  greenish -brown 
content,  and  some  of  them  with  cryptocrystalHne  crystals.  The 
following  leaves  have  been  used  as  adulterants:  Chestnut  (see 
No.  II).  cherry  (see  No.  8").  rose,  melilot.  cabbage,  chicon,*, 
beet,  and  lappa.  In  the  manufacture  of  plug  tobacco  various  other 
substances  are  added;  as,  licorice    (Figs.   104;  204;  282,  B), 
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doves  (Fig.  312).  anise  (Fig-.  244),  orris  root  (Figs.  317.  32^1). 
vanilla  (Figs.  256,  313J,  tamarinds,  prunes,  besides  other  vib- 
stances. 

27.  SOLANUM  CAROLINENSE  tHorsc  nettle).— Surch 
grains  spherical,  ellipsoidal,  ovoid  and  2-  to  4-compound.  varying 
in  size  from  10  to  35  >i  and  with  distinct  lamella;;  non-glandular 
hairs,  stellate,  i-  to  2-cellcd:  abundance  of  parenchyma  with 
cryptocrystalline  crystals;  ducts  very  broad,  with  oblique  cir- 
ailar  pores  closely  resembling  those  in  glycyrrhiza;  wood  fibers 
long,  the  walls  being  i  to  2  /i  thick  (,Fig.  176a). 

h.     HAtRS  FEW  OR  WANTING. 

28.  DULCAMARA. — Calcium  oxalate  in  cr>-ptocrystanine 
crystals;  starch  grains  5  to  7  ft  in  diameter:  acicular  crjstals  in 
parenchyma  of  bark;  trache*  with  bordered  pores,  35  to  45  /i 
wide,  and  accompanied  by  sclerenchymatic  fil>ers ;  an  occasional 
single  bast  fiber;  cork  cells  present.  The  following  drugs  have 
been  substituted  for  Dulcamara:  The  stems  of  false  bittersweet 
(Celastrus  scatidens)  which  are  more  woody  and  not  hollow; 
hop  stems  which  are  rough  hairy ;  and  the  rhizome  of  Saponaria 
which  is  terete  and  wrinkled. 

II.    CALCIUM  OXALATE  CRYSTALS  FEW  OR 
WANTING. 


A.   CYSTOLITHS  OF  CALCIUM  CARBON.^TE  PRESENT. 

29.  CANNARLS  IXDICA.— (See  No.  I.) 

30.  RUELLI.A. — This  is  a  rather  common  adulterant  of  spi- 
gelia,  and  somewhat  resembles  it,  but  is  readily  distinguished 
from  it  by  an  effervescence  on  the  addition  of  dilute  hydrochloric 
acid.  Tills  effervescence  is  due  to  the  presence  of  cystoliths  in 
some  of  the  cells  of  the  cortex  (Fig.  221 ).  The  cystolith-contain- 
ing  cells  are  spherical  in  transverse  section  and  alxiut  20  pt  wide, 
hut  in  limgitudinal  view  are  alK>nt  ft")  /*  long.  Ninnerous  slone 
cells  also  occur;  these  are  thick-w.illed  and  with  numerous  radiate 
simp!/*  pores. 
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B.  CALCIUM  CARBONATE  WANTING. 

O.    GLANDULAR   AND   NON-GLANDUL.\R   HAIRS  PKIiSENT, 

a  fragments  of  Pappus  Present. 

31.  EUPATORTUM.— Dark  green:  non-glanclu!ar  hairs  of 
two  kinds,  2-  to  S-celled,  lliin-wallefl,  finely  striate,  one  kind  with 
acute  end-cell  and  the  otiier  with  rounded  end-ccll;  glandular 
hairs  either  6-  to  8-celled  in  a  double  row.  and  with  2-ccIled 
glandular  head,  or  short-stalked  and  with  4-  to  12-celled  gla>id- 
ular  head;  pollen  grains  ellipsoidal,  10  to  20  ju  in  diameter  and 
with  numerous  centrifugal  projections:  pappus  occurring  as  a 
multicelUilar  axis  about  30  ^  in  diameter  and  with  short  uni- 
CL-liular  altcniate  branches;  ducts  spiral,  annular,  or  with  bordered 
pores ;  sclercnchymatous  fibers  thin-wallcd,  non-lignified,  with 
few,  simple,  oblique  pores. 

32.  GRIXDELIA. — Light  green;  trachea:  spiral,  annular,  or 
with  lK»rdcretl  pores,  strongly  ligntfied :  sclercnchyma  fibers  thin- 
walletJ,  non-ligniBed.  with  numerous  simple  more  or  less  oblique 
pores ;  pollen  grains  spherical,  about  25  ^  in  diameter,  with 
numerous  centrifugal  projections ;  glandular  hairs  depressed,  glob- 
ular, multicellular:  numerous  oil  globules  and  resin  masses; 
pappus  consisting  of  a  multicellular  axis  with  minute  teeth. 


^  Fragments  of  Pappus  IP'anting. 

33.  DIGITALIS.— Dark  green  (Figs.  284,  E;  287.  A)  ;  non- 
glandular  hairs  simple,  consisting  of  2  to  5  superimjx>sed  cells, 
straight  or  slightly  cur^-ed ;  glandular  hairs  with  i-ce!led  stalk 
and  I-  to  2-celled  glandular  head;  stone  cells,  star-sha[>ed  hairs 
and  calcium  oxalate  crystals  wanting  ( Figs.  266;  285.  D), 

Adulterants. — The  leaves  of  Matico  (see  No.  40")  have 
numerous  stomata  and  the  non-glandular  hairs  are  from  2-  to  6- 
ccllcd.  The  leaves  of  Snlria  Sclarca  {  Fam.  Labiatae)  have  non- 
glantUilar  hairs  somewhat  resembling  Digitalis,  but  the  gland- 
ular hairs  are  of  the  labiate  tyi»e  with  large,  8-ceIlcd.  glandular 
heads.  The  leaves  of  I'crbascum  PUlouwidcs  l  Fam.  Scrophu- 
lariacex)  have  multicellular,  branching,  non-glandular  hairs  re- 
sembling those  of  V.  thapsus  (Fig.  283,  C),  and  small  glandular 
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hairs  resembling  those  of  digitalis.  The  non-glandular  hairs  of 
Inula  Conysa  (Fam.  Compositae)  are  3-  to  4-celled,  with  thick 
walls,  the  basal  cell  being  broad  ant!  truncate. 

34.  HEDEOMA. — Dark-  Ki'^^f" :  non-glandular  hairs  slightly 
curved,  2-  to  3-celled,  thick-wallcd.  with  numerous  slight  centrif- 
ugal projections:  glandular  hairs  with  i-celled  stalk  and  8-celIed 
glandular  head ;  pollen  grains  somewhat  spherical,  about  35  ft  in 
diameter,  nearly  smooth ;  tracheae  spiral  or  with  simple  and  bor- 
dered pores :  sclerenchyniatous  fibers  long,  thin-walled,  lignified, 
with  numerous  simple  pores ;  epidermal  cells  with  sphere-crystals 
or  irregular  masses  of  a  carbohydrate. 

35.  MARKL'BIL'M. — Dark  green;  non-glandular  hairs  much 
twisted.  I-  to  7-ceUed.  thin-wallt'd,  smooth,  frequently  arranged 
in  groups  of  about  six  or  eight,  and  spreading  from  the  base; 
glandular  hairs  with  1 -celled  stalk  and  8-cclled  glandular  head; 
pollen  grains  spherical.  al>out  25  f*  in  diameter,  and  with  numerous 
centrifugal  projections;  tracheic  spiral,  annular,  or  reticulate, 
slightly  lignified;  sclercnchymatous  fibers  thin-waited,  non-hgni- 
fied,  with  few  simple  jiores. 

36.  MENTHA  IMTERITA.— Dark  green;  non-glandular 
hairs  i-  to  8-cclled,  thin- walled,  with  numerous  slight  projec- 
tions;  glandular  hairs  two  kinds,  i-  or  3-ceHed  stalk  and  I-  or 
S-cellcd  glandular  head ;  pollen  grains  somewhat  spherical,  smooth* 
about  35  fi  in  diameter :  tracheae  spiral,  or  with  simple  and  bor- 
dered pores,  and  slightly  lignified;  sclerencliymatous  fibers  thin- 
walled,  non-lignified,  with  numerous  oblique  pores.  Contamina- 
tion with  il/.  sf>icata  is  said  to  be  common. 

37.  SCUTELLARIA. — Dark  green ;  non-glandular  hairs,  i- 
to  3-celled.  100  to  200  fk  long,  the  walls  with  numerous  slight 
centrifugal  projections,  the  basal  cell  being  large,  broadly  cylin- 
drical, and  the  apical  cell  narrow  and  with  a  sharp,  frequently 
recurved  apex;  glandular  hairs  with  a  i-  to  2-ceIled  stalk  and 
large,  glandular  head,  composed  of  6  or  8  cells  placed  side  by 
side,  indistinct;  p«jllen  grains  nearly  spherical  or  ellipsoidal, 
smooth  and  15  to  25  ^  in  diameter;  fragments  of  corolla  colored 
light  pink  with  chloral  solution;  narrow  tracheae  with  scalariform 
and  reticulate  thickenings,  or  bordered  pores;  sclercnchymatous 
fibers  narrow,  with  walls  4  or  5  ^  thick  and  with  simple  pores; 
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narrow  trachea:  with  scalariforni  and  reticulate  thickening?  or 
bordered  pores;  sclcrenchymalic  fibers  thin-walled  and  free  from 
jwrcs. 

42.  SCOPARIUS. — Dark  green ;  non-glandular  hairs  i-ce!lcd, 
0.5  to  0.7  mm.  long,  thick-walled;  tracheae  spiral  or  double  spiral, 
slightly  lig"nificfl ;  scfcrcnchymatous  fibers  narrow,  thin-walled  and 
with  simple  pores. 


j9  Non-Glandular  Hairs  Wanting. 

43.  CARDAMOMUM. — Greenish-brown;  stone  ccl!s  dark 
brown,  slightly  elongated.  15  to  25  /*  in  diameter,  the  inner 
wall  thickened;  outer  epidermal  cells  20  to  30  /*  in  diameter, 
elongated  on  surface  view,  inner  and  outer  walls  thickened ;  oil- 
secretion  cells  with  suberized  walls;  starch  grains  spherical  or 
angular,  single  or  comixiund,  1  to  4  /*  in  diameter;  monoclinic 
prisms  of  calcium  oxalate  few,  10  to  25  fi  in  diameter.  The  pow- 
der of  the  pericarp  and  seeds  is  pinkish  and  contains  in  addition, 
sclercnchyma  fibers  which  are  n<>n-lignifi«l,  relatively  thin-walled 
and  with  simple,  slightly  oblique  pores;  not  more  than  10  per 
cent,  of  ash,  The  powder  of  Ceylon  cardamom  contains  the  uni- 
cellular hairs  of  the  capsule;  and  the  cells,  as  also  the  starch 
grains  and  calcium  oxalate  crystals,  are  larger  (Kig.  253). 

43a.  SABIN'A. — Starch.  4  ^;  characteristic  hypodermis.  con- 
sisting of  long  fibers  15  fi  wide,  associated  wiili  epidermis; 
narrow  tracheids;  numerous  oleo-resin  masses. 

44.  STAPHISAGRIA. — Dark  green;  sclcrenchymatous  cells 
somewhat  ovate  in  cross-section,  more  or  less  thick-wallcd  ami 
non-Iignific<i :  parenchyma  containing  oil  and  aleurone. 

45.  CHELIDONIL'M. — Light  green ;  aqueous  soliiti<m  gulden 
yellow;  numerous  small,  somewhat  plano-convex  or  renifonn, 
slightly  reticulate  seeds,  which  are  about  i  mm.  long;  fragments 
of  leaves  with  spiral  trarhese.  and  latex  tul>es  with  light  yellowish 
contents;  elHptical  or  spherical  stomata  on  lower  surface  only, 
walls  rather  indistinct:  pollen  grains  spherical,  nearly  smooth, 
with  3  pores  and  20  to  25  /i  in  diameter ;  fragments  of  petals  with 
distinctly  yellowish  fibrovascular  bundles.  Hairs,  starch  grains 
and  calcium  oxalate  crystals  are  wanting. 
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48.  JALAPA. — Dark  yellow ;  crystals  of  calcium  6xalate  in 
rosette  aggregates,  30  to  35  /» in  diameter;  starch  grains  e!UpsoidaI 
and  ovoid,  with  somewhat  excentral  lamella.  15  to  35  /*  in  diam- 
eter, r-  to  3-compounfl  and  in  some  cases  more  or  less  swollen ; 
resin  cells  yellowish-brown ;  sclercnchvinatous  fibers  few.  with 
simple  pores  {Fig.  195).  Tubers  deficient  in  resin  are  lighter  in 
color,  contain  more  starch  and  less  calcium  oxalate. 
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49.  RHl-^UM. — Yellowish-brown  (Figs.  281,  A;  289);  crys- 
tals of  calcium  oxalate  in  rosette  aggregates.  50  to  100  ^  in  diam- 
eter :  starch  grains  somewhat  spherical.  5  to  20  ^  in  diameter, 
either  single  or  2-  to  4-compound;  trachcje  few,  scalariform.  The 
powder  is  colored  red(hsh  with  alkalies.  A  common  adulterant 
is  "wheat  middlings."  (See  No.  239.)  The  exhausted  drug 
is  frequently  added  to  the  powder  and  may  be  detected  by  the 
somewhat  altered  starch  grains  and  the  decrease  in  the  amount 
of  the  aqueous  or  dilute  alcoholic  extract,  whicli  in  genuine 
rhubarb  is  about  35  per  cent. 
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Rhapontic  rhubarb  contains  a  crystalline  glucosidc  rhapon- 
ticin.  which  is  colored  purp]ish-re<l  with  sulphuric  add,  changing 
to  orange.  It  is  insoUible  in  ether  and  readily  separates  from  a 
dilute  alcoholic  fluid  extract  on  the  addition  of  ether. 
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Fiu.  3ito.  Curcuois  (Turmeric):  P,  fngay&ai»  of  pafeswhyma  oootaisinjt  viroQea 
moA  altered  itarch  jcrains  which  farm  ah  indiotingubbsble  maa  it-ithio  the  edit  aoA  oooXi- 
tuu  the  grcAter  pruportkin  of  tho  pavder;   T.  tracheie;   S,  an&lieml  ctaroh  cnlns. 


j8  In  Monoclinic  Prisms. 

50.  CALUMRA.— fSec  No.  60.) 

51.  CURCrMA. — Bright  yellow  (Fig.  290);  crjstals  few, 
2  to  4  ;«  in  diameter;  altered  starch  grains  (test  with  iodine)  in 
irregular  masses  from  100  to  140  ft  in  diameter,  having  the  shape 
of  the  cell  in  which  they  occur:  hright  yellow  oil-secretion  cells; 
the  pigment  is  soluble  in  solutions  of  chloral  or  chloral-glycerin, 
essential  oils  and  alcohol.  The  latter  solution  becomes  chern'-red 
with  boric  acid,  changing  to  bluish-black  with  ammonia.  Currv 
POWDER  consists  of  allspice,  caraway,  cardanxom,  clove,  coriander, 
fenugreek,  ginger,  pepper  and  turmeric. 
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52.  FRAN'GL'LA. — Yellowish-brown  (Fig.  228);  bast  fihcrs 
lignifiLd,  much  thickened,  with  numerous  pores;  crystal  fibers 
containing'  small  nionoclinic  prisms  of  calcium  oxalate;  calcium 
oxalate  also  in  rosette  aggregates  or  monoclinic  prisms,  5  to  20  /c 
in  diameter;  starch  grains  nearly  spherical,  about  4  /*  in  diameter, 
not  numerous ;  parenchymatous  cells  with  yellowish  contents  col- 
ored red  by  alkalies. 

53.  GELSEMIUM.— Dark  yellow  (Fig.  208);  trache<-e  with 
simple  pores;  sclerenchymatous  fibers  long,  narrow,  lignificd ; 
starch  grains  spherical,  from  4  to  8  fi  in  diameter;  calcium  oxalate 
in  monoclinic  prisms  15  to  30  fi  in  diameter.  In  the  powder  of 
the  overground  stem  collencli\inalous  cells  containing  chloro- 
plastids  occur  (Fig.  208,  A). 

54.  QUASSIA. — Light  yellow  (Fig.  239)  ;  tracheze  large, 
with  bordered  pores:  sclerenchymatous  fibers  long,  thin-wallcd 
and  with  oblique  pores ;  medullary  rays  with  calcium  oxalate  in 
monoclinic  prisms  or  in  cn,'ptocrystalline  crystals,  or  with  few 
spherical  starch  grains.  When  bark  of  the  wood  is  present  a  few 
stone  cells  and  cork  cells  are  also  present.  In  the  bark  of  Surinam 
quassia  stone  cells  are  numerous.     (See  also  Fig.  299,  C.) 

7   /»  Crystal  Fibers. 

55.  GLYCYRRHIZA  (SPANISH).— Bright  yellow  (Figs. 
104;  204;  282.  B);  sclerenchymatous  fibers  numerous;  crystal 
fibers  containing  monoclinic  prisms  of  calcium  oxalate;  starch 
grains  somewhat  spherical,  2  to  20  /i  in  diameter;  fragments  of 
cork.    The  aqueous  extract  amounts  to  about  30  per  cent. 

56.  GLYCYRRHIZA  (RUSSIAN).— Bright  yellow;  con- 
taining few  or  no  fragments  of  cork ;  taste  not  so  bitter  as  that 
of  Spanish  licorice. 

5  In  Raphides, 

57.  IPECACUANHA.— Dark  yellow  (Figs.  203;  291;  299. 
A)  ;  tracheids  with  simple  oblique  or  bordered  pores,  sometimes 
containing  starch  grains;  calcium  oxalate  in  raphides  20  to  40  ^ 
long;  starch  grains  ellipsoidal.  4  to  14  /*  in  diameter,  single  or 
2-  to  4-compound.  In  Carthagena  ipecac  the  starch  grains  arc 
imiformly  larger.  4  to  15  f*  in  diameter. 
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Substitutes  of  Ipecac. — ^The  root  of  Richardsonia  scabra 
has  simple  and  compound  starch  grains  from  20  to  40  ^  in  diam- 
eter: the  root  of  Triosteum  pcrfoliatum  and  the  bark  of  Nar- 
egamia  ahta  contain  starch  grains  and  rosette  aggregates  of 
calcium  oxalate,  the  latter  containing  In  addition  orange-red  secre- 
tion cells;  the  root  of  Hetcroptcris  pauciilora  (Fam.  Malpigh* 
iaces)  is  free  from  starch  but  contains  rosette  aggregates  of 
calciuni  oxalate,  brown  pigment  cells  and  stone  cells. 
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Ftc.  391.     Rio  Ipecac:     T,  tracbeidi;    P,  pumcfarma  containing  stucb;    S.  BUrch 
croins:  Ca.  npbido  of  caJdum  oiulAtc 

58.  PHYTOL«\CCA. — ^Dark  yellow ;  sternutatory ;  fragments 
with  long  sclercnchymatous  fibers  and  large  scatariform  tracheje; 
starch  grains  7  to  18  /i  in  diameter:  calcium  oxalate  in  raphides 
30  fi  long,  or  in  cryptocrystallinc  crystals  (Kigs.  191,  200). 

59.  VERATRUM. — Vcllowish-brown  (Figs.  215,  216) :  ster- 
nutatory: trachcjc  slightly  lignified.  scalariform  or  reticulate; 
sclercnchymalons  fibers  thin-walled,  narrow,  shghtly  lignified ; 
calcium  oxalate  in  raphides  45  fi  long;  starch  grains  nearly  ellip- 
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soidal,  7  to  20  ft  in  diameter,  single  or  2-  to  3-compound,  point  of 
origin  of  growth  circular  or  slightly  cleft ;  endodernial  cells  thick- 
ened on  the  inner  tangential  wall.  The  [wwders  of  i'cratrum 
tibttm  and  I'cratrum  viridc  cannot  be  distinguished  one  from 
the  other  by  their  microscopic  characters,  but  appear  to  differ 
chemically,  a  mount  of  I',  viride  in  concentrated  sulphuric  acid 
having  a  yeHowish-red  color  and  that  of  V.  album  a  dull  red 
color.  The  so-called  powdered  hellebore,  used  as  an  insectiride 
by  gardeners  consists  of  either  V.  album  or  V.  firide,  the  former 
being  mostly  employed. 

b.     CALCIUM  OXALATE  WANT[NG. 

a  Stone  Cells  Present. 

60.  CALUMR A.— Bright  yellow  (Figs.  198;  302,  //):* stone 
cells  containing  one  or  more  monoclinic  prismatic  crystals  of 
calcium  oxalate;  starch  grains  single,  irregular,  J5  to  ^$  fi  long, 
with  excentral  and  distinct  lamellx. 

fi  Stone  Cells  IVanting. 
I.  Starch  Grains  15  to  30  ia  in  Diameter. 

61.  ZINGIBER.— T.ight  yellnw  (Figs.  212.  214.  317)  :  starch 
grains  ellipsoidal  or  somewhat  ovoid,  slightly  beaked,  15  to  (10  ^  in 
diameter;  secretion  cells  with  suberizcd  walls  and  yellowish,  oily 
contents  ;  tracheae  large.  thin-walU-d.  annular  or  reticulate;  sclercn- 
chymatous  fibers  long,  thin- walled,  with  ohlir|uc  fwres.  The 
powder  of  African  Ginger  is  dark  yellow  or  dark  brown,  more 
aromatic  and  pungent,  and  lias  numerous  fragments  nf  cork. 

In  Japan  Ginger  (p.  488)  there  are  numerous  compound 
grains  varying  from  4  to  25  /i  in  diameter,  while  in  Calcutta  gin- 
ger there  are  numerous  spherical  grains  (15  to  25  n)  resembling 
those  of  wlieat.  Exliausted  ginger  is  sometimes  used  to  adulterate 
powdered  ginger.  If  the  exhaustion  has  l)een  by  means  of  water 
the  starch  grains  are  somewhat  altered.  Tf  the  extraction  has 
been  made  with  alcoliol  the  yellowish-brown  resinous  cells  are 
not  so  pronounced.  Ginger,  particularly  the  decorticated  varie- 
ties, loses  on  keeping  part  of  the  pale  yellowish  oil,  which  is 
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rq)]accd  in  part  by  a  reddish  resin.  Ginger  is  also  somedmes 
adulterated  with  wheat  middlings  (No.  239),  and  flaxseed  meal 
(Figs.  184,  293).  Curcuma  (Fig.  290I  is  sometimes  added  to 
an  exiiausled  or  adulterated  ginger  to  bring  up  the  color  to  that 
of  the  normal  drug. 
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Fio.  397.  Hydnstif!  P.  puvnchyiiu;  S.  p*re»chynui  conuininii  aurch;  T,  tnchc* 
with  annular  and  r«tlcuUl«  tUckenlnw  of  tlie  w«lU;    F,  tmcbvidt  with  uinple  ports;   C, 

cambium;    K,  cork;    B.  porrochytDB  cells  -h nr  '\\t  acraraikm  of  AdcuUr  cryauJ*  of 

ooe  of  ihc  lUkaloids  oq  ihc  AddJtioB  of  cui<  ilphunc  ucii],    H,  pritnu  of  one  ol 

Ibe  (UluUoidfi  whicb  M.i)&nitc  vn  the  additit  .<    <       ...uuiMLctl  kulpbtiric  add  to  a  powder 
pn\-ioiiKly  moifttcned  witb  water. 

2,  Starch  Grains  5  to  15  fi  in  Diameter. 

62.  MEZEREUM. — Dark  yellow ;  sternutatory ;  bast  fibers 
numerous,  long,  thin-wallcd,  non-ligiiified ;  starch  grains  some- 
what spherical,  to  to  15  /»  in  diameter,  single  or  compound. 

63.  I'AREIR.\. — Dark  yellow;  sclerenchvmalous  cells  numer- 
ous, more  or  less  thick-walled  and  slightly  lignified;  sclerenchy- 
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matous  fibers  slightly  lignified  and  with  oblique,  simple  or  bor- 
dered pores;  trachcic  nearly  0.2  mm.  in  diameter,  short,  non- 
!igni6ed  and  with  simple  pores;  starch  grains  nearly  ellipsoidal, 
7  to  15  ^  in  diameter. 

64.  SERPEN'TARIA.— Dark  yellow ;  trachese  lignified.  spiral 
or  with  simple  pores ;  sclercnchymatous  fibers  lignified ;  paren- 
chyma with  yellowish  or  dark  brown  contents ;  starch  grains 
nearly  spherical.  10  /i  in  diameter.  The  rhizome  of  yellow  root 
{Jeffersoriia  diphylla)  is  sometimes  substituted  for  serpentaria, 
from  which  it  is  distinguished  by  its  lack  of  odor  and  by  having 
a  bitter,  acrid  taste. 

65.  BERBERIS. — Tracheae  50  /i  wide,  with  bordered  pores 
and  scalarifonn  and  reticulate  thickening  of  the  wall ;  wood  fibers 
20  pk  wide  and  with  walls  8  ^  thick;  medullary  rays  yellow,  about 
9  rows  wide,  the  cells  containing  starch  grains  which  are  about 
to  fi  in  diameter;  bast  fibers  about  15  ^  wide  and  with  walls  4  /i 
thick ;  cork  cells  distinct ;  parenchyma  of  cortex  with  brownish- 
colored  substance. 

3.  Starch  Grains  Less  Than  5  /i  in  Diameter. 

66.  HYDRASTIS.— Bright  yellow ;  trachea  with  simple 
pores;  sclercnchymatous  fibers  short,  thin-walled,  with  simple 
pores;  starch  grains  spherical,  about  4  m  Jn  diameter  (Figfs.  219, 
292). 

4.  Starch  Grains  AJlered, 

67.  CURCUMA.— (See  No.  51.) 


B.   STARCH  GRAINS  FEW  OR  NONE, 

a.     CALCIUM    OXALATE   CRYSTALS    PRESENT. 

a  in  Rosette  Aggregates. 

68.  ANISUM. — Yellowish-brown ;  non-glandular  hairs  25  to 
200  ft  long  and  10  to  15  ft  wide,  T-celled,  straight  or  curved,  with 
numerous  slight  centrifugal  projections;  calcium  oxalate  crystals 
roscttc-shapcd,  2  to  3  ^  in  diameter,  in  aleurone  grains  about  6  ft 
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in  diameter;  vitta;  (in  fragments)  from  lo  to  150  fi  wide  and 
showing  a  marked  leiidency  to  branch :  long,  narrow,  brownish 
epidermal  cells ;  sclerenchymatoiis  cells  of  caqiophore  short,  with 
simple  pores  and  occasional  scalariform  thickenings  (I'ig.  244). 
Italian  Anise  is  occasionally  aomixeo  with  conium,  which  is 
distinguishe<l  by  the  absence  of  hairs  and  vitt^  and  the  presence 
of  coniine,  which  is  tletermined  by  the  development  of  the  charac- 
teristic odor  on  rubbing  up  the  [wwder  with  alkalies  or  placing 
the  powder  in  a  solution  of  potassium  or  sodium  hydrate.  The 
following  micro-chemical  tests  may  be  useful  in  determining  the 
presence  of  coniine.  which  occurs  in  the  parenchyma  and  epi- 
dermal cells  of  the  fruit :  Ammonium  vanadinatc  and  sulphuric 
acid  produce  a  blue  color;  iodine  solution  gives  a  reddish -brown 
color;  and  picric  acid  gives  a  granular  precipitate. 

69.  CALKNDULA. — Brighi  yellow ;  epidermal  cells  long, 
narrow,  with  numerous  oil-like  globules,  irregular  chromoplas- 
tids  and  somewhat  sinuate  walls:  pollen  grains  spherical,  with 
numerous  centrifugal  projections.  3-pored.  about  40  ;*  in  diam- 
eter ;  non-glandular  liairs  consisting  of  a  double  row  of  cells  and 
with  a  I-  or  2-ceIled  apex;  calcium  oxalate  in  rosette- shaped 
crystals  alwut  4  n  tn  diameter.  On  adding  the  powder  to  water 
the  latter  becomes  a  pale  straw-color  (Fig.  296,  B). 

70.  FQiNICULUM. — Yellowish-brown;  calcium  oxalate  in 
rosette  aggregates  i  to  2  /i  in  diameter,  in  aleuronc  grains  3  to  6 
fi.  in  diameter;  fragments  containing  vittae,  which  arc  too  to  300  fi 
wide;  short,  narrow,  yellowish-brown  epidermal  cells  of  pericarp; 
sclerenchymatous  filxrs  few.  thick-walled,  with  oblique  pores; 
parenchymatous  cells  slightly  elongated  or  thick-wallcd.  with 
numerous  simple  pores,  and  occasionally  reticulately  thickened ; 
oil  globules  numerous  (Figs.  97,  246). 


0  In  MonocUnic  Prisms. 

77.  AURANTII  AMARI  CORTEX.— Dark  yellow;  paren- 
chymatnus  cells  either  somewliat  collenchymatous  or  with  simple 
pores,  walls  ro  to  15  ^  thick ;  calcium  oxalate  in  monoclinic  prisms 
15  to  20  fi  in  diameter ;  trachea?  few.  spiral,  annular  or  with  simple 
pores. 
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72.  AURANTII  DULCIS  CORTEX.— Light  brown;  cal- 
cium oxalate  in  monoclinic  prisms  20  to  30  /t  in  diameter;  wails  of 
parenchymatous  cells  about  4  ^  thick. 


7  In  Raphides, 

7j.  SCILLA. — Light  yellow ;  calcium  oxalate  mostly  in  raph- 
ides from  0.1  to  I  mm.  in  length;  few  traclicac  and  fragments  of 
epidermis  (Fig.  281,  B). 
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Ftn.  39].  Ground  llAXieed:  p,  epiilrrmb:  c.  epidermal  celb  with  broKra  cutlnixed 
Uyer;  E,  pawnchytn*  ce]U  beneath  th*  fi'iclrrmut ;  f,  short  sclfrenchymatic  Rbem;  nu, 
colorless  ocUb  bmmttli  the  acktrnchymalu.*  fibers;  n.  plymcnt  cells  with  thick  i>orou»  walU 
anil  yrllowish-browt)  oont«nti:  C.  celU  of  cotyledons  c»ntaining  iilmronc  gnbrts — Aflcr 
Muellci. 

h.    CALCIUM  OXALATE  CRYSTALS  WANTING. 

a  Sclerenchymatous  CcUs  or  Fibers  Present. 

1.  Dark  Pigment  Cells  Wanting. 

74.  SINAPIS  ALBA.— Light  yellow  (Figs.  294;  302.  E,  F) ; 
fragments  of  seod-coat  with  nnicilagiiious  epidermal  cells;  a  sub- 
epidermal collcnchymatous  layer  of  I  or  2  rows  of  cells ;  a  layer 
of  radially  elongaterl  palisade  or  .sroxE  CELLS  (forming  the  so- 
calkd  "  beaker  cells  ">,  the  walls  of  the  lower  pari  being  slightly 
thickened  and  polygonal  in  surface  view;  two  or  more  inner 
layers  of  thin-walled  colorless  cells;  a  single  layer  of  cells  con- 
taining aleurone  grains  and  fixed  oil,  and  some  obliterated  cells. 
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which  logcthcT  constitute  the  endosperm.  The  embryo  makes  up 
the  greater  portion  of  the  seed,  and  the  cells  contain  aleurone 
grains  with  fixed  oil. 

Ground  Wuite  Mustard  or  white  mustard  flour  is  prepared 
from  tilt*  sccil  of  Sinaffis  alha  with  or  witliout  the  removal  of  a 
part  of  the  sccd-coal  (hulls)  and  the  fixed  oil.  In  fact,  not  infre- 
quently mustard  sced-cakc  is  employed. 

Prepared  Mustaku  (German  Mustard.  French  Mustard  or 
Mustard  Taste)  is  a  paste  composed  of  a  mixture  of  ground 
mustard  (either  Sinopis  aJha  or  Brassica  nigra,  or  both),  salt, 
spices  and  vinegar.    It  should  contain  not  more  than  24  per  cent. 


.MM 


Fia.  394-  White  muslard.  SuffsoB  view  o(  the  rtUTermt  tiitnia  as  wen  fn  the  powder: 
ep,  polygoiul  celh  of  the  outer  epidennit  shuwiiiK  mtidUKi;  Iflmcllic  mn6  the  reduced  lumen 
due  to  iwrlling  of  the  tamellje-.  ac.  collencliymattc  celts  beneiith  the  epidennii;  b,  elongated 
■tnne  cells  (50-ca1Ieil  bctker  cellK);  i,  lunenchyma  ce^ls  beneath  the  stone  cells,  which  ars 
distiDgulsbcd  inm  the  cormponding  layer  in  a  number  of  otiicr  seeds  by  nut  oontainittc 
any  (ngment;  P.  cclU  oi  endosperm  conlsiniDv  oleuroiiei  C,  tissue  of  cotyledon  cootaioiDs 
aleurone  emins  and  otl — After  Moellcr. 


of  oil :  not  less  than  35  per  cent,  of  protein  substances,  and  not 
more  than  12  per  cent,  of  crude  fiber.  Prepared  nmstard  is  some- 
times adulterated  with  white  mustard  hulls  separated  from  the 
seed  before  expression  of  the  fixed  oil. 

Allied  Plant. — In  Indian  Colza  (Brassica  compestris  Sarson) 
the  epidermis  forms  a  homogeneous  layer,  a  sub-t-pi dermal  layer 
not  being  present. 

75-  PEPO. — Few  ellipsoidal  starch  grains  2  to  4  /i  in  diam- 
eter in  cells  of  outer  epidermis  and  endosperm;  charac- 
teristic, elhpsoidal,  lignified.  thick-walled  cells,  from  45  to  loo  /s 
in  diameter  and  with  simple  pores;  yellow  pigment  cells  of  seed- 
coat  ;  oil  and  protein  grains  in  embryo. 
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76.  COLOCYNTHIS.— Light  yellow :  stone  cells  isodiamet- 
ric.  slightly  thickened,  non-lignified.  with  large  simple  pores; 
parenchymatous  cells  large,  tlnn-walled,  with  large,  simple  pores. 
The  powder  in  which  seeds  are  present  contains  numerous  oil 
globules,  and  the  outer  epidermal  cells  have  reticulated  thicken- 
ings; the  stone  cells  are  nearly  isodiametric  or  irregular,  with 
straight  or  undulate  walls,  which  are  more  or  less  thickened, 
strongly  lignified  and  with  simple  pores. 


2.  Pigment  Cells  Present. 

77.  SINAPIS  NIGRA.— Yellowish-brown  (Fig.  295) ;  frag- 
ments of  seed-coat  with  mucilaginous  epidermal  cells;  a  single 
layer  of  thin-walled,  unequal  sub-epidemial  cells ;  a  layer  of  palis- 
ade or  stone  cells  (so-called  **  beaker  cells  ").  thickened  much  tlie 
same  as  in  Shtapis  alba,  but  of  unequal  height,  giving  a  section  a 
somewhat  reticulate  appearance  (I'ig.  ayS-  ^)  J  a  pigment  layer  of 
one  or  two  cells  which  niay  be  tabular  or  considerably  elongated 
tangentially  and  with  a  brown  content  which  is  colored  blue  with 
ferric  chloride,  as  in  flaxseed.  The  endosperm  and  embryo  con- 
tain fixed  oil  and  alcuronc  grains,  these  layers  practically  making 
up  most  of  the  drug.  Starch  grains  are  not  present  in  mustard 
and  the  powder  should  not  contain  more  than  ten  granules  to  a 
milligram. 

Ground  Black  Mustard  or  Black  Mustard  Flour  is  usually 
prepared  from  the  cake  which  has  been  deprived  of  the  hulls  and 
part  of  the  oil.  It  is  customary  to  mix  some  of  the  white  mustard 
with  the  black  mustard,  it  being  supposed  that  the  excess  of  the 
ferment  in  5.  alba  will  change  the  unconverted  glucoside  into 
volatile  oil  of  mustard.  It  is  likely,  however,  that  the  enhanced 
quality  of  the  product  is  due  to  the  pungent  and  non-volatile 
character  of  the  oil  in  white  mustard. 

Mustard  Paste  (see  .Sinapis  alba,  No.  74)  is  sometimes  adul- 
terated with  starches.  At  one  time  this  was  considered  to  be 
necessar>'  on  account  of  the  pungency  of  the  drug. 

Allied  Plants. — In  Russian  or  Sarepta  Mustard  (Brasstca 
Besseriana)  the  sub-epidermal  cells  are  scarcely  apparent  and  the 
stone  cells  are  somewhat  triangular  on  surface  view.    In  Charlock 
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sectU  {Brajsica  Sitmf>istrum)  the  stone  cells  contain  a  brown 
pigTtien'i  wliich  is  colored  deep  red  on  treatment  with  chloral 
hydrate,  particularly  if  the  prejiaration  is  heated. 

78.  FCKNUM  GR^CL'M  (FENUGREEK).— The  dried, 
ripe  seeds  of  Trigonclia  Ftrnum-^rtecum  ( Fani.  Lejfuminosae ) ,  an 
herb  which  is  cultivated  in  Southern  Eurojx;  and  in  tropioil  and 
sub-tropical  Asia  and  Africa.  The  seeds  are  oblong,  flattened, 
about  3  mm.  long  and  broad  and  2  mm.  thick ;  brownish -yellow, 
with  a  diagonal  groove,  otherwise  nearly  smooth;  they  are  hard, 
and  have  a  peculiar  odor  and  bitter,  mucilaginous  tistc.  Fenu- 
greek contains  22  per  cent,  of  proteins;  28  per  cent,  of  mucilage 


A 


Fic  ivt.  Illock  inufitard.  A,  surface  view  of  loine  of  the  chKrBctch-«ltc  cells  seeii 
in  the  puwiler:  p.  elAiutated  stone  cells  rbcaker  celli),  beneath  whirh  t«  the  picmrat  Uyer 
<g);  K,  endosperm  cells  containing  alcurotie;  c,  cells  of  cotyledon  conUininic  aleuronc  and 
oU.  U,  calarKed  mKiteo  virw  or  ihe  stonr  cells,  showinic  a  shadow-like  reticulum  conipoaed 
uf  bfuod  Itncs  which  appcaranca  u  liue  to  the  fact  that  some  of  the  celU  are  hisber  than 
oibeis. — Aft«r  MocDor. 


(in  the  cells  of  the  endosperm):  0.13  per  cent,  of  iriponclline 
(isomeric  with  pyridine-betainc) ;  0.05  per  cent,  of  choline;  and 
an  odorous  hydrocarbon. 

Powder. — Yellowish-brown;  an  outer  epidermal  layer  of 
mucilage  cells  beneath  which  occur  i  to  3  layers  of  radially 
donated  stone  cells  with  a  trian^lar  lumen  and  thick,  porous 
walls.  As  seen  in  tran.sverse  section  the  stone  cells  are  polygonal 
in  outline  and  have  simple,  narrow.  an<l  <listinct  jHires;  beneath 
the  latter  is  a  layer  of  broad,  thick-wallcd  cells  with  large,  radiate, 
siniple  pores :  the  endosperm  consists  chiefly  of  mucilage  cells 
with  wavy  mucilaginous  inner  walls  and  a  single  layer  of  small 
aleurone  cells;  the  embryo  consists  of  yellowish  cells  containing 
aleurone  grains. 
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79.  LINUM  (Linseed  or  Klaxseecl  Meal). — Lemon-yellow 
(Figs.  99,  A;  184;  293);  fragments  of  seed-coat  with  muci- 
laginous epidermal  cells ;  a  sub-epidcrmal  tissue  composed  of 
two  rows  of  yellowish  cells  with  rather  large  intercellular 
spaces;  a  layer  of  sci.EREXciiyMATni.'s  fiheks,  which  arc  100  to 
250  fi  long  and  about  10  ^  in  cHameter  and  with  numerous  simple 
pores;  several  layers  of  ohliterated  cells;  and  a  layer  of  pigment 
cells  which  are  more  or  less  tabular  or  polygonal,  tangcntially 
elongated  and  with  a  reddish-  or  yellowish-lirown  pigment,  whicli 
is  colored  dark  blue  with  ferric  chloride.  The  endosperm  is  made 
up  of  2  to  6  layers  of  cells  containing  oil  and  difficultly  distinguish- 
able protein  grains.  The  embryo  contains  considerable  oil  and 
large  aleuronc  grains  10  to  20  /i  in  diameter,  the  crystalloids  of 
which  can  be  more  readily  discerned  on  treating  the  material  first 
with  chloroform  and  then  mounting  it  in  iodine  solution.  Flax- 
seed docs  not  contain  starch  and  the  commercial  product  should 
not  show  more  than  10  starch  grains  to  a  milligram  of  powder; 
it  should  yield  not  less  tlian  30  per  cent,  of  a  saponifiable  oil,  and 
not  more  than  3.5  per  cent,  of  ash. 

(iround  flaxseed  is  sometimes  infested  by  maggots.  In  ortler 
to  obviate  this  it  should  be  recently  prepared  and  carefully  pre- 
served in  tin  cans  with  the  a<l<Iition  of  a  few  drops  of  chloroform. 

Allied  Plant. — In  False  Flax  {CattirHua  satiz'a)  of  ivuropc, 
the  sclercnchymatous  fibers  are  replaced  by  broad,  short  stone 
cells,  and  the  epidermal  cells  on  the  addition  of  water  eject  a 
central  coUmm  of  mucilage. 

80.  CV'DOXIL'M. — Yellowish-red  or  reddish -brown  ;  frag- 
ments of  seed-coat  with  polygonal,  mucilaginous  epidermal  cells, 
the  walls  of  which  are  readily  stained  with  methylene  blue:  a 
number  of  rows  of  sclercnchymatous  fibers  witli  strongly  thick- 
ened walls  and  brown  contents:  several  layers  of  elongated,  thin- 
walled  cells  resembling  the  "tube  cells"  In  cereals;  a  colorless 
layer  with  minute  starch  grains ;  and  an  inner  epidermis,  the  cells 
of  which  contain  a  brown  pigment.  The  perisperni  consists  of 
several  layers  of  more  or  less  obliterated  cells.  The  outer  layers 
of  the  endosperm,  as  well  as  the  cells  of  the  embryo,  contain 
aleurone  grains  and  a  fixed  oil.  The  structure  of  quince  seed 
resembles  quite  closely  tliat  of  pear  and  apple  seeds. 


i;   pollen   grams 

•  li»«iJ,  25  to  35 

kinds, — cither  uni- 

-  of  united  unicellular 

wall;  glandular  tiairs 

'  staQc  aod  unicclluLir 

row  of  4  cells  and  a 

:  «f  a  liuuUi  ruw  of  5  cells  and 

of  a  multicellular 

I  Res.  ii9lF;241). 

SAJfSLXX'S.— Sk»^  C»>**  "oK  present :  pollen  grains 

md  acarir  smooth,  about  18  /• 

coaipaacd  of  broken  or  whole 

k;  od  gk)bdles  from  secretion 

■k  i*  o^TK  aaar  warBe  vggngHes  of  cakinm  oxalate ;  in 

■■cr  !■&.  hiC'  ^V*''  ^"Ct  JO  ^  vide,  and  parenchyma  with 

^  MATUCAJUA. — Mia  grvm  oumefoas,  nearly  spher- 

d  «r  viwgiifar.  vetr  tfjami!.  600  18  10  25  ^  in  diameter ; 

i  «f  OMib  Mk  ^bMv  kain:  diaractcristic  cells  of 

;  yuJiir  tadder-like  cells  of  wall 

dI  ■nofaicTal  scales. 

s.  Kka  Grans  Few. 

CALEXDtUL— &%hl  ydtow  (Fig.  296.  B) ;  charac- 
r  «f  penis  toataama^  o3y  drops :  few  pollen  grains ; 

^  acid. 

CKOCXS^—Ormgt-nd  <  Fig-  396.  /I ) ;  glycerin  mount 

i  (Abr;  iem.  vevir  smooth,  nearly  spherical  pollen 

..\.  II  IIMJ  J  ii  iBwiiliF     paptlLr  of  stigma :  coloring  prin- 

■I  BOt  in  £tttT  Otis,  bring  the  reverse  in 

«  ^f*.    iili^arir  and  fugnKtm  become  blue  immediately. 

1t5v.^oB-gba^Ur     and     glandular     hairs; 

fnd^  rbfcn  fnins  abooi  30  ^  in  diameter,  which  are 
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not  usually  very  numerous;  papillx  of  corolla  and  stigma;  sclcr- 
ench>-ma  fibers  lo  n  wide,  the  walls  of  which  arc  very  much 
thickened ;  small  rosette  ag^gregates  of  calcium  oxalate  some- 
times present ;  characteristic  cells  of  aiUhcr. 


;i'-  ^.- 


^M 


Pio.  S96.  A.  Crocus  (Sf>aaish  saffron)  ihoivins  two  fpherical  pollen  grAim.  a  fracmrot 
of  itdnnm  witb  papilla:,  and  rntiinmt  ut  an  anther;  B,  Calendula  ihuwinii  3  i>;jinose  pollen 
gf^U  and  tngmtat  of  comUn.  the  c«lln  of  whicb  contain  oiMike  Klohuln;  C,  Carthamuc 
(■9-called  American  aaAion}  showing  i  Bliijhlly  tpinoae  polkn  tmiini  aniJ  a  [nk^cment  u( 
the  corolla  witb  browo  UtlcUeroui  vesaeU  and  aumenMia  unjceUuliu-  hairs. — Afwr  Woaklcy. 

87.  CHIRATA. — Dark  yellow ;  tracheae  spiral,  scalarifonn  or 
with  simple  pores ;  sclcrenchymatous  fibers  long",  narrow,  thick- 
walled,  more  or  less  lignified.  and  with  oblique  pores;  parenchy- 
matous cells  of  pith  large,  slightly  lignificd,  and  with  numerous 


?*:-^\T»£REI>  r^SVGS  AN'D  F<>:'D5. 


r-t9 


cells  l*ir^  Jf  ::-  ^5  '^  ^~  '.-:"-"■     The  rrachex  ari  c:':ri-i  reiiish- 
rescnV^g  -.hi:  ::  l:cr-:r.r:  rt"'.?  Ar.h  phliroc-"-"!- :  few  rt-i !:>*-- 


of  the  r.y;»--^rrr.:- 
Many  c:  :r:t  "-"^ 
be  difrer^t^i:^ :  V;- 


91.  C.----  ;  -■- 
few  or  r.  ■  -"Ar  ■   ;:" 

per  cer.:      '    ' -i' 

92.  :/;':."■■' 

catelv  r-:::  ■■'•'"  ^=  ' 


:e"-    ^n:u:i    Sr 


222. 


'T   ■  .'  ::?.   2~^ 


■-■'=  -a.,  ce.:- 
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102.  CAMBOGIA. — Irregular,  bright  yellow  masses,  made 
up  of  small  yellow  particles  (p.  648). 

POWDERS  OF  A  BROWNISH  COLOR. 

This  group  includes  all  those  powdered  drugs  which  have  a 
light  brown  (raw  sienna  or  raw  umber),  dark  brown  (Vandyke 
brown  J,  blackish -brown  (sepia),  or  grayish-brown  color.  This 
is  the  largest  group  and  includes  most  of  the  powdered  roots,  rhi- 
zomes and  barks,  together  witli  a  few  flowers,  fruits  and  seeds. 


I.  FIBROVASCULAR  TISSUE  PRESENT. 
A.  CONTAINING  STARCH. 

a.     CALCIUM    OXALATE   CRYSTALS    PRESENT. 

a  In  Rosette  Aggregates. 

I.  With  Sclerenchymatous  Fibers. 

*  CoHtainini  Oil,  Rfsin  or  Tannin  Masses. 

103.  BELLADONNA  RADIX.— (See  No.  117.) 

104.  GOSSYPII  CORTEX.— Light  brown  (Figs.  231 ;  231a; 
300,  M) ;  bast  fibers  long,  narrow,  thick-walled,  lignified ; 
starch  grains  somewhat  spherical,  4  to  20  fi  in  diameter,  single  or 
compound ;  parenchj-matons  cells  with  irregular  yellowish  and 
reddish  tannin  masses;  calcium  oxalate  crystals  rosette-shaped, 
about  20  /i  in  diameter. 

105.  RUBUS. — Light  brown;  bast  fibers  numerous,  long, 
thick-wallcd,  lignified ;  calcium  oxalate  in  rosette  aggregates  25 
to  30  n  in  diameter ;  starch  grains  nearly  spherical.  3  to  7  ^  in 
diameter,  single  or  compound. 

106.  JUGLANS, — Crystals  usually  in  rosette  aggregates  15 
*o  35  M  or  sometimes  in  monoclinic  prisms  10  to  15  fi,  occurring 
in  parenchyma  or  occasionally  in  crystal  fibers;  bast  fibers,  30  ^ 
wide  and  very  long;  stone  cells,  35  to  50  /*;  oily  drops  and  pur- 
plish-brown tannin  masses  in  parenchyma.  J.  cincrca  is  distin- 
guished from  y.  alba  and  J.  nigra  in  that  both  of  the  latter  possess 
numerous  crystal   fibers   containing   prismatic  or   rhombohedral 
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crj'stals.  /.  nigra  has  also  in  the  medullary  rays  rosette  aggre- 
gates of  calcium  oxalate.  /.  regia  appears  more  nearly  to  resem- 
ble J.  cinerea. 

107-  ARALIA  NUDICAULIS  (American  Sarsaparilla).— 
(Fig.  192.)  Light  brown;  rosette  aggregates  of  calcium  oxalate 
from  35  to  70  ;c;  spherical  slarcli  grains,  from  10  to  15  /*; 
trachea?  with  scalar) form  and  reticulate  thickenings,  also  simple 
and  bordered  pores;  wood  fibers  long,  with  slightly  thickened 
walls  and  simple  pores;  large  oil  glands,  and  brown  cork  cells. 


B 


Pio.  igg.  SevenU  forms  of  Kterenchyniatic  Gbem;  A,  InTcnnc<llat«  fibcni  (ram  wood 
of  ipecac  ahuwinit  liifnified  walls  with  obUqur  (tmpiv  pores  ani]  vnt  c«ll  cnnt4ittiflg  ftUlth; 
8.  boAt  tibcn  imta  ctnchoiu  showiiu)  in  truisvcrac  section  a  atrultlicKtioQ  ol  the  wftll, 
u)d  in  Imutitudiiwl  scctk>Da»triationo(  the  wulb;  C,  longitudinal  MCtionolqBMsiAthmrlog 
tncbvida  with  bordered  pores  »n<I  mcduItKry-rfty  cells. 

108.  STILLINGIA. — Light   brown:  sclerenchvmaious  fibers 


III      (ll»tllS.tV>      ,      ..-IV  «.»   *-■•"•■       ^»...-      kW..M »,       .-..,        •    ^U...      U.».      »       U.W....       f'^ 

menl :  calcium  oxalate  crystals  rosette-shaped.  35  fi  in  diameter, 
log.  KUONYMU-*^.— LiRht  brown  (Fig.  300.  R^  :  bast  fibers 
long,  thin-w;tlled.  non-lignificd.  the  walls  frequently  modified  to 
mucilage  and  jwssessing  numerous  small,  more  or  less  oblique 
pores,  and  irregular  ends;  starch  grains  spherical.  4  to  10  >i  in 
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121.  JUNIPERUS. — Calcium  oxalate  in  raonoclinic  prisms 
about  30  n  in  diameter,  occurring^  in  stone  cells,  which  are  about 
60  /I  in  diameter  and  with  walls  that  are  about  15  /a  in  thickness; 
a  small  numlier  of  nearly  spherical  starch  grains  from  5  to  7  fi  in 
diameter;  fragments  with  oil  glands  and  brown  pigment  cells. 

y  Crystal  Fibers  Present 

I.  Sclerenchymatous  Fibers   Strongly  Lignified. 

♦  Cohred  Redduh   With  AtkaUes. 

122.  FRANGULA.— (See  No.  52.) 

123.  RHAMNUS  PURSHIANA.— Light  brown  (Figs.  229. 
A;  304)  ;  bast  fibers  long,  much  thickened,  lignified:  stone  cells 
very  thlck-walled,  about  50  fi  in  diameter;  crystal  tibers  contain- 
ing moniKlinic  crystals  of  calcium  oxalate ;  calcium  oxalate  also 
in  rosette  aggregates  or  monoclinic  prisms  5  to  20  ^  in  diameter; 
starch  grains  spherical.  alwDut  4  ^  in  <Iiamcter;  parenchymatous 
cells  with  yellowish  contents  colored  red  with  alkalies. 


••  Not  Colored  Reddish  IVtth  Alkalies. 

124.  QUERCUS  ALBA.— (Sec  No.  182.) 

125.  PRUXUS  VIRGIMANA.— Light  brown;  bast  fibers 
and  stone  cells  with  much  thickened  and  strongly  lignified  walls; 
crystal  fibers  containing  monoclinic  prisms  and  rosette  aggregates 
of  calcium  oxalate  20  to  30  /i  in  diameter;  starch  grains  nearly 
spherical.  3  to  4  /»  in  diameter. 

126.  MYRICA  CERIFERA.— Greenish-brown  (p.  250) ; 
crystals  in  rosette  aggregates  about  45  >*  in  diameter,  or  in  mono- 
clinic prisms  from  15  to  20  ft  in  diameter;  crystal  fibers,  accom- 
panying long  bast  fibers,  the  latter  being  100  n  in  diameter  and 
with  walls  about  25  fi  in  thickness;  starch  grains  about  7  /*  in 
diameter,  also  occurring  in  2-  to  4-compoimd  grains. 

127.  PULVIS  GLYCYRRHIZ.E  COMPOSITUS.— Tissues 
of  glycyrrhiza  (Figs.  104;  204:  282,  B)  and  .senna  (Figs.  263; 
284,  D) ;  granules  of  sulphur  (see  No.  94) ;  crystals  of  sugar, 
and  masses  of  manna. 
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2.  Sclcrcnch\Tfiatous  Fibers  Not  Strongly  Lignified. 

128.  CALAML'S. — Light  brown  (.Fig.  loi,  B);  trachcje 
spiral,  scalariform  or  reticulate;  sclcrenchymalous  fibers  slightly 
lignitied.  with  obUque  simple  pores;  starch  grains  nearly  spherical, 

4  to  U  fi  in  diameter;  crystal  fibers  containing  monoclinic  crystals 
of  calcium  oxalate ;  oil-secretion  cells  with  suberized  walls ;  con- 
tents of  parenchymatous  cells  colored  ruby-red  by  a  strong  alco- 
holic sohition  of  vanillin  and  hydrochloric  acid.  The  powder  of 
the  peeled  rhizome  is  less  aromatic,  and  cells  of  the  epidemtis  and 
cork,  and  crystal  fibers  arc  wanting.  The  yield  of  aqueous  extract 
should  be  between  r8  and  20  per  cent.  Powdered  calaiuus  has 
been  reported  as  being  admixed  with  as  much  as  30  per  cent,  of 
diatomaceous  earth. 

129.  L'LML'S. — Light  brown  (Fig.  99,  C) ;  bast  fibers  thin- 
walled,  non-lignified ;  crystal  fibers  containing  monoclinic  prisms 
of  calcium  oxalate  10  to  25  fk  in  diameter;  starch  grains  spherical, 

5  to  10  ;t  in  diameter. 

Ground  elm  bark  has  been  reported  to  be  adulterated  with 
wheat  starch  or  wheat  middlings,  but  this  docs  not  seem  to  be 
the  case.  The  small  quantity  of  wheat  starch  which  is  some- 
times detected  is  ainsidcrcd  to  be  in  the  nature  of  an  accidental 
contamination.  The  usual  adulterant  is  a  hark  from  which  the 
mucilage  has  been  extracted  or  at  leas!  barks  poor  in  mucilage 
are  sometimes  found  on  the  market.  Goo<l  elm  bark  gives  a 
rather  thick  niucilage  on  digesting  one  part  of  the  ground  bark 
in  40  to  45  parts  of  cold  water. 

&  Calcium  Oxalate  in  Raphidcs. 

130.  CINKAMOMUM  (Saigon).— Dark  brown;  bast  fibers 
much  thickened  ;  stone  cells  nearly  isodiametric,  more  or  less  lliick- 
encd,  with  numerous  pores;  calcium  oxalate  in  raphidcs  about  5  ^ 
long;  starch  grains  somewhat  spherical,  7  to  15  /i  in  diameter, 
single  or  2-  to  4-compound;  parcnclu-ma  with  irregular  tannin 
mas.se.';;  oil-secretion  cells.  Cassia  Cinnamon  lias  fewer  cork  cells 
and  more  sclerenchymatous  cells  and  fibers.  Ceylon  Cinnamon  lias 
no  cork  cells  and  the  stone  cells  are  more  elongated,  irregular  in 
outline  and  unevenly  thickened  fFigs.  224,  225,  305). 
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The  powder  of  Cassia  buds  (flowers  of  CinnamomuHt  Cassia) 
is  characterized  by  numerous  thick-walled,  irregularly  curved 
simple  hairs;  fragments  of  rtticulate  and  scalariform  trachex; 
and  broad,  blunt  bast  fibers, 

131.  SARSAPARILLA.— Dark  brown  (Figs.  193.  194); 
sclercnchyniaious  fibers  ver\'  ibick-wallcd.  somewhat  lignlficd : 
trachcx  large,  strongly  lignlficd.  scalariform,  rcliculate.  and  with 
simple  pores;  the  walls  of  cndodermis  and  hypodcrmis  variously 
thickened ;  starch  grains  somewhat  spherical,  7  to  20  /« in  diameter, 
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Fic.  305.  CmnU  cinnanicni:  «t,  stp,  steiwi  cette;  pr,  bp.  psrenchyms  cxmtainbis 
starch  gnutu.  \A,  \f9»\  fibers:  P.  •oik  ocI]>  with  !it>iufic<i  wi^K.  Numerous  tiinple  and 
coTn[»'iund  itorcfa  Bnins  «re  stHnm  At  tb«  left  Bad  ■mostg  the  fngmeoU  of  tttnie*. — ^Aitcr 
Moeller. 


single  or  2-  to  4-compound ;  calcium  oxalate  in  raphides  6  to  8  ^ 
long.  It  is  distinguished  from  American  Sarsaparilla.  yicKIed  by 
Aralia  iiudicaulis.  tn  that  the  latter  lias  rosette  aggregates  of 
calcium  oxalate  35  to  80  /*  in  diameter  (Fig.  192). 

132.  CONVALLARIA.^Dark  brown  (Fig.  114);  calcium 
oxalate  in  raphides  about  45  /i  long;  starch  grains  somewhat 
spherical,  3  to  12  /*  in  diameter,  single  or  2-  to  4-compound; 
trachere  spiral  or  scalariform ;  sclerenchymatous  fibers  long,  thin- 
walled,  with  simple  pores;  endodcrmis  with  inner  walls  much 
thickened. 
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b.     CALCIUM  OXAL.\TE  CRYSTALS  WANTINa 

a  ll'ith  Non-glanduktr  Hairs. 

138.  STROPHANTHUS.— Dark  brown  (Figs.  186:  284.  A; 
306)  ;  epklermal  cells  moflifial  to  long,  i-cellcti,  non-ligiiificd  hairs, 
containing,  in  S.  Kombe,  colorless  or  yellowish-gprcen  granules  and 
in  S.  hisffidus,  iJark  brown  granules;  parenchyma  with  fixed  oil 
and  aleuronc  grains ;  starch  grains  ellipsoidal.  4  /i  in  diameter. 

^  Non-gtandiihr  Hairs  IVanting. 

I.  SclerendijTnatous  Fibers  Present. 

♦  TrachftT  Numrrous. 

t  Starch  Grains  2  to  5  M  in  Diameter. 

139.  CIMICIFUGA. — Brownish-black  (Fig.  217);  tracheae 
large,  scalarifonri  or  witli  bordered  pores;  sclerenchymatous  fibers 
numerous;  starch  grains  nearly  spherical,  3  to  5  /i  in  diameter; 
cells  of  peridcrtn  thick-walled  and  with  reddish-brown  contents. 

140.  CYPRIPEUIUM.— {See  No.  133.) 

141.  LEPTANDRA. — Dark  brown;  tracheae  scalariform  or 
with  simple  pores ;  sclerenchymatous  fibers  narrow,  thick-walled, 
with  numerous  simple  i>ores;  starch  grains  nearly  spherical.  2  to  4 
ft  in  diameter;  parenchymatous  cells  nearly  isodiametric  or  elon- 
gated, containing  starch  grains  and  a  brownish-black  pigment. 

142.  SPIGELIA. — Brownish-black;  trachea?  few.  lignified. 
spiral  or  with  simple  pores;  sclerenchymatous  fibers  long,  narrow, 
lignified,  with  simple,  oblique  pores;  starch  grains  spherical,  about 
4  ^  in  diameter  (Fig.  220).  A  not  unusual  substitute  for  sptgelia 
is  the  rhizome  and  roots  0/  Rudlia  ciliosa  (Fig.  221)  (No.  30). 


tt  Starch  Grains  5  to  15  or  30  A  in  Diameter. 

143.  ZINGIBER.—African  and  Calcutta  ginger  (p.  488)  arc 
light  brown  in  color,  and  the  tissues  resemble  those  in  Jamaica 
ginger  ( Fig.  214  )  (No.  61 ). 

144.  TONKA. — The  parenchyma  cells  of  the  cotyledons  con- 
tain numerous  spherical  starch  grains  from  4  to  9  ;<  in  diameter; 
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147.  CONVALLARIA.— (See  No.  132.) 

148.  SARSAPARILLA.— (See  No.  131.) 

149.  SL'MBUL. — Dark  brown :  sclerenchymatous  fibers  nu- 
merous, narrow  aiid  ligiiified;  irachcae  short,  lignificd,  scalari- 
fomi.  or  with  simple  or  bordered  pores;  oil  and  resin-secrction 
reservoirs;  starch  grains  nearly  spherical.  4  to  15  /*  In  diameter. 

150.  VALERIANA. — Brownish-black;  trachex  strongly  lig- 
nified.  scalarifonn  or  with  simple  pores;  sclerenchymatous  fibers 
thin-walled,  more  or  less  lignified,  with  nunierons  simple  pores; 
starch  grains  nearly  spherical,  7  to  [5/1  in  diameter;  stone  cells 
nearly  isodiametric,  with  very  thick  walls  and  numerous  simple 
pores. 

151.  METHYSTICUM  (KAVA-KAVA).— Starch  grains 
numerous,  spherical,  about  35  |t  in  diameter,  often  with  radial 
clefts  or  triangular  fissures  at  the  center;  yellowish  resin  and  oil 
cells;  sclerenchyma  fibers  narrow,  with  thin,  strongly  lignified 
walls. 

«•  Trachete  Few  or  None. 

152.  CINCHONA. — Light  brown  (Eigs.  227:  299,  B;  307; 
307a)  ;  bast  fibers  spindle-shaped,  lliick-walled,  strongly  lignified. 
with  numerous  simple  pores;  starch  grains  nearly  spherical,  4  to 
12  ^  in  diameter  ;  parenchymatous  cells  with  reddish-brown  tannin 
masses. 

153.  CINNAMOMUM.— (Sec  No.  130.) 

154-  COFFEE. — Brownish;  characteristic  fragments  of  scod- 
coat  made  up  of  parenchyma  and  spindle-shaped  stone  cells  0.2  to 
I  mm.  long  and  15  to  50  /i  wide,  the  latter  occurring  singly  or  in 
pairs  with  more  or  less  thickened,  porous  walls.  The  cells  of  the 
endosperm  have  brownish-colored,  porous  walls.  10  /*  thick,  and 
contain  oil.  aleurone  and  starch.  Ground  coffee  varies  in  the  fine- 
ness of  the  particles,  which  are  tighter  than  water  anfl  float  on 
the  surface.  This  is  an  important  distinction  between  genuine 
coffee  and  the  "  substitutes  "  or  "  imitation  "  products  which  sink 
on  being  mixed  with  water  (Fig.  302.  TV 

Coffee  Hvli-S.  also  kno\vTi  as  Sultan  or  Sacca  coffee,  are 
sometimes  snhstitntcd  for  coffee.  These  consist  of  the  outer 
la>er  of  the  pericarp  and  are  characterized  by  a  layer  of  some- 
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latter  may  be  mentioned  the  Mogdad  Coffee,  the  seeds  of  Cassia 
occidciitalis  which  are  used  in  various  tropical  countries.  The 
see<Is  are  free  from  starch  and  the  cells  of  the  endosperm  are 
thick-walkd  and  contain  a  brown  protein  substance. 

Of  Coffee  adulti£r,\nts  the  f<>llowing  may  be  mentioned: 
Ground  ivory  nut  {PhytcU'f>has  macrocarpa  (Fig.  '7J)»  whid) 
is  distinp^uished  by  tlic  thick-wallcd  cells  of  the  endosperm;  and 
the  ^ound  kernels  of  the  acorns  of  several  species  of  Quercus, 
which  arc  readily  identified  by  the  eIongate<l.  more  or  less  swollen, 
distorted  starch  grains  that  have  a  prominent  elongated  cleft  in 
the  middle  (Fig.  135). 

155.  SASSAFR.\S.— Lifrht  brown  (Fig.  236);  bast  fibers 
thick-walled.  Hgnified,  usually  single  or  not  more  than  two  or 
three  together :  starch  grains  7  to  20  /t  in  diameter,  single  or  2-  to 
3-compound;  parencliymatous  cells  with  irregular  masses  of 
tatmin;  oil  globules  numerous.  The  stem  Irark  contains  groups 
of  bast  filters  and  stone  cells,  and  the  parenchymatous  cells  contain 
chloroplastids. 


2.  Sclcrenchymatous  Fibers  Wanting. 

♦  Slant  Cells  Present. 
t  Giving  Tannin  Reaction  with  Ferric  Salti 

156.  CACAO. — Reddish-brown  (Fig.  308) ;  consisting  chiefly 
of  protein  grams,  oil  and  starch  (grains  4  to  8  ;i  in  diameter)  ; 
fragments  with  brownish  or  puri>IisIi-brown  contents  (cacao  red)  ; 
fat  crystals  in  little  prisms  or  needles :  few  fragments  of  seed-coat 
consisting  of  hexagonal  epidermal  cells,  a  peculiar  mucilage  layer 
of  small  tabular  cells  and  a  layer  of  nearly  isodiametric  stone  cells 
10  by  10  /I,  the  walls  of  which  arc  4  n  thick. 

Cacao  starch  grains  show  a  tendency  to  cohere  and  on  gently 
heating  a  section  in  water,  after  removal  of  part  of  the  oil  with 
ether  or  chloroform,  the  compound  grains  swell  into  angidar, 
spherical  or  irregular  masses  which  vary  from  15  to  several 
hundred  microns  in  diameter  (Fig.  308).  The  smaller  masses 
thus  profluced  bear  a  close  resemblance  to  the  starch  grains  of 
corn  and  wheat.  The  central  triangular  marking  of  the  mass 
which  resembles  that  of  a  com  starch  grain  is  formed  from  the 
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oil-secrelion  cells  with  suberized  walls:  oil  globules  numerous. 
(For  chemical  standard  of  ijurity  see  page  573.) 

Aui-LTURANTS. — Ciround  black  pepper  is  sometimes  adulter- 
ated with  I'EPPEH  iiuLLi;  or  pepper  shells,  which  arc  the  outer 
layers  of  the  ripe  fruit  and  arc  obtained  in  ihc  preparation  of 
while  pepper  (Fig.  255).    Pepper  hulls  consist  chiefly  of  Uic  stone 
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Pio,  jio.  Colchicum  corm:  5.  »■  tu  4-u)nipound  lUrch  gr>ini  which  rnokc  up  the 
grcftlvr  proponion  ot  the  powdcf ;  P,  parevichynw  with  ounwroutnarcb  grain*;  T.  tra^nr; 
£.  ciere. 

cells  described  above.  They  increase  the  percentage  of  crude  fiber 
and  ash  in  the  pnwtkT,  the  latter  being  due  to  adhering  dirt. 
Ground  black  pepper  sometimes  consists  of  a  mixture  of  pepper 
htdls,  capsicum  fFigs.  252:  301.  C)  and  the  cndocarp  of  the  olive 
C^'P-  302,  G).  In  the  latter  the  lumen  of  the  stone  cells  is  filled 
with  air.  Black  pepper  has  also  been  adulterated  with  flaxseed 
meal   and   buckwheat   hulls    (Fig.    J3,H).     The  latter   are   dis- 
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tinguished  by  the  epidermal  cells  with  peculiar  diagonal  thick- 
ening of  the  walls  and  the  hypodcmial  fibers  which  have  thick, 
porous  walls  and  brown  contents.  (See  also  under  Pimenta, 
No.  113.) 

159.  COLCHICI  SEMEN.— Light  or  dark  brown;  scleren- 
chymatous  cells  with  pigment  soluble  in  potassium  liydratc  solu- 
tion, and  reacting  with  iron  salts  somewhat  like  tannin;  cells  of 
endosperm  thick-walled,  with  simple  pores  and  few  oil  globules ; 
parench\inatous  cells  of  strophiole  thin-wallcd,  and  with  numer- 
ous nearly  spherical  starch  grains  7  to  15  /*  in  diametLT, 

tt  Not  Becoming  Blue  or  Green  with  Ferric  Salts. 

160.  ACONITUM. — Dark  brown  (Figs.  206,  309)  ;  trachex 
few. spiral, scalariform,  reticulate,  or  with  simple  pores;  stone  cells 
nearly  isodiametric,  variously  thickene<l,  associated  with  thick- 
wallcd  parenchyma,  the  latter  swelling  in  water;  starch  grains 
somewhat  spherical,  4  to  13  /a  in  diameter,  single  or  2-  to  4- 
compound. 

161.  PHYSOSTIGMA.— Brownish-black :  Ustc  starchy; 
stone  cells  nearly  isodiametric  or  elongated,  the  contents  red- 
dened by  alkalies;  starch  grains  ellipsoidal,  about  25  to  40  /i  in 
diameter :  oil  globules  numerous. 

*♦  Stone  Cells  fVauling. 

162.  COLCHICI  CORMUS.— Light  or  dark  brown;  sUrch 
grains  irregularly  spherical  or  ovoid,  7  to  20  ^  in  (hameter.  single 
or  2-  to  4-compound;  tracheae  few,  spiral  or  scalariform  (Fig. 
310). 

163.  GUARANA.— (See  N'o.  157.) 

164-  MYRISTICA. — Light  brown;  pcrispcrm  cells  with  red- 
dish contents ;  starch  grains  somewhat  spherical,  5  to  7  m  in  diam- 
eter, generally  in  groups;  globules  of  fixed  oil  numerous. 

165.  MACIS. — Amylodextrin  starch  grains  (Fig.  190)  which 
Sre  colored  red  with  iodine.  For  other  characteristics  of  gen- 
uine mace  and  the  study  of  allied  products  and  substitutes  see 
p.  443. 

166.  OPIUM.— (See  No.  197.) 


772 


BOTANY  AND  PHARMACOGNOSY. 


167.  PODOPHYLLUM.— Light  brown  (Fig.  223);  starcli 
grains  somewhat  spherical,  5  to  12  /«  in  diameter,  single  or  2-  to 
6-compound;  trachejc  few,  scalariform,  spiral,  reticulate,  or  with 
simple  pores. 

168.  CHENOPODIUM.— Yellowish-brown;  seeds  blackish, 
shiny,  reniform,  about  150  ft  in  diameter ;  seed-coat  with  polygonal, 
thin-walled  pigment  cells;  numerous  starch  grains  and  small 
aleuronc  grains. 

B.  STARCH  GRAINS  FEW  OR  NONE. 
a.     CONTAINING   CALCIUM   OXALATE. 

a  In  Rosette  A^grc^atcs. 
I.  Small  Crystals  in  Aleuronc  Grains. 

169.  ANISUM.— (Sec  No.  68.) 

170.  CARUM. — Dark  brown  (Vig.  247);  calcium  oxalate 
crystals  in  rosette  aggregates,  0.5  to  1  /i  in  diameter  in  aleurone 
grains;  fragments  of  light  yellow  vitta:.  together  with  nearly 
isodiameiric  or  |wlygonal,  yellowish-brown,  inner  epidermal  cells 
of  i)cricarp:  sclerenchymatous  fibers  few,  thick-walled,  slightly 
lignitied,  with  numerous  simple  pores;  oil  globules  numerous. 

171.  COKIANDKUiM,— Light  brown  (Tig.  245);  calcium 
oxalate  crystals  in  rosette  aggregates  and  3  to  7  /*  in  diameter  in 
aleuronc  grains;  fragments  of  light  yellow  vittic  and  long,  nar- 
row, yellowish,  inner  epidermal  cells ;  sclerenchymatous  cells  irreg- 
ularly curved,  yellowish,  thick-walled,  lignificd  and  with  numerous 
simple  pores;  oil  globules  numerous. 

172.  FCENICULL'M.— (See  No.  70) 


2.  Crystals  Not  Less  Than  10  ji  in  Diameter. 
•  Pollen  GratHS  Numerous. 

173.  CARYOPHYLLUS.— Light  brown  (Fig.  312);  pollen 
grains  tetrahcdral,  somewhat  spherical,  with  three  pores.  abr:>ut 
r5  f*  in  diameter;  calcium  oxalate  crystals  in  rosette  aggregates' 
10  to  It;  /i  in  diameter,  occasionally  in  crystal  fibers;  sclerenchy- 
matous fibers  spindle-shaped,  thick-walled,  strongly  lignified  and 
with  simple  obliiiue  pores ;  trachea  spiral,  thick-walled ;  oil  glob- 
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ules  numerous.  The  powder  of  clove  stems  is  Icjis  aromatic  and 
contains  numerous  yellow,  nearly  isodiamctrtc  and  irregular  thick- 
wallcd  stone  cells  with  numerous  canals  and  also  scalarifomi  and 
reticulate  tracheae.  The  powder  of  the  fruit  of  cloves,  or  so-called 
MOTHER  OF  CLovBS,  Contains  numerous  single,  oblong  and  irreg- 
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Pio.  J 1 1.  BUck  pepper:  tp,  rnlyffonal  c«Ila  oi  t>i«  epicarp.  beneaih  which  axt  tht 
hypodertTwl  itoiw  cclU  {ut};  bl.  donit»tt>r]  but  fibtm;  bp.  short  bait  fibon:  ip,  truchoB 
wUh  Kpind  nuiTktns*;  i«t,  ttone  cells  of  the  erujocarp;  U,  kk,  (raemenlm  nf  tiamiei  beneath 
the  endoearp:  em,  pArencfayma  cells  ot  perispcrm  cuDtainjng  starch  grains.  A,  starch 
snint;    p.  oil  cells.  —After  Uoeller. 


idar  starch  grains  with  exceniral  point  of  origin  of  growth,  and 
varying  in  size  from  lo  to  35  >i.  The  pericarp  of  the  fruit  also 
contains  numerous  irregular  stone  cells  and  sclcrenchyma  Bbers, 
the  latter  varying  from  short  to  5  nmi.  or  more  in  length  and  being 
very  irregular  or  knotty  in  outline.  (For  adulterants  see  Pimenta 
No.  113  and  p.  549.) 

174.  INSECT  POWDER.— (See  No.  5.) 


POWDERED  DRUGS  Am)  FOODS. 


775 


The  powder  is  frequently  admixed  with  tonka,  which  is  easily 
determined  by  the  presence  of  starch  grains  (see  No.  144).  Some 
of  the  so-called  vanilla  powders  are  mixtures  containing  vanillin 
or  coumarin  but  none  of  the  tissues  of  either  vanilla  or  tonka. 


Pio.  ji>.     Clovcar     R.  bwt  fihen;   A    irmitntent*  at  mnlher  ithnwln?  ceUa  wHth  chftr- 
■ct^siic  markins  «ir  thickening  of  th«  w-sHit    P.  pollen  KT3tn>.  '  <.ir  trinnaulu-  in 

oatltne  wbcn  iDounte<]  In  water,  O.  oil  RlamU,  the  iHnte  one  in  >:  fmm  a  t'cL*!; 

E,  surf  AM  view  of  epidermal  celU  of  peul    P,  parmu-hynu:  C,t->  i  <te:  T.iraches; 

St,  Mvea  itooe  nib  fretn  tha  young  twvicl>e«  or  twigt.  th*  tu-oilled  "cktv«  sUtm." 


3.  Seeds  ^'anting. 

179.  VIBURNUM  OPLl-US.— Light  brown:  calcium  oxal- 
ate in  monoclinic  prisms,  or  few  rosette  aggregates  15  to  30  n 
in  diameter ;  crystal  fibers  with  monoclinic  prisms  of  calcium 
oxalate:  stone  cells  few,  relatively  thick-walled ;  bast  fibers  numer- 
ous, lignified. 
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tion  cells  with  suberized  walls ;  oil  globules  numerous ;  fragments 
of  powder  becoming  wtne-colored  with  sulphuric  acid. 

187.  DELE^HIXIUM. — Grayish-browu  or  light  brown;  stone 
cells  of  outer  epidermis  radially  elongated,  with  thick  walls  and 
simple  pores  resembling  those  of  staphisagria;  a  layer  of  pigment 
cells;  fixed  oil.  and  alcuronc  grains. 
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Pw.  3TJ.  Vanilla;  S,  fra^menu  of  unli  ibowinc  charncurittJo  xtonc  cen«:  B, 
[Mirancfa)-niA  trllt  »itb  narrow-clonB»tffd  simple  porM;  P,  imfrnchymA  contalnins  oil 
globules;  T,  triLcbef ;  L,  liitnified  cells  with  suniile  pom;  Cu,  raphtde*  of  cmldum  oxalate; 
II.  papillx-Iikc  hain  froin  the  lnn«r  rarfacv  of  tfae  pericarp  which  ore  occuioruUy  wea 

RiAiMtl  together. 

188.  STRAMONII  SEMEX.— Brownish-black  or  grayish- 
black  (Fig.  122.  5);  epidermal  cells  with  thick  mucilaginous 
outer  walls,  a  small  lumen  and  dark  brown  contents.  Beneath  the 
epidermis  is  a  layer  of  thick-walled,  nearly  colorless  cells  with 
distinct,  crescent-shaped  lamella;  in  the  radial  walls  and  reticulate 
pores.  The  cells  of  the  endosperm  contain  considerable  oil  and 
more  nr  less  numerous  aleurone  grains,  the  latter  having  I  or  2 
crystalloids  and  a  number  of  globoids. 
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irregular,  simple,  oblique  pores ;  few  globules  of  fixed  oil ;  aqueouii 
extract  not  less  tbaii  33  per  cent.  A  substitute  has  been  offered 
consisting  of  the  exhausted  dnig  to  which  aloes  had  been  added. 
Ground  olive  endocarp  has  also  been  found  in  the  powder. 

191.  OPR'M.— (See  No.   197.) 

192.  TARAXACL'M. — Light  brown;  parenchyma  containing 
irregular  crystalloidal  masses  of  inuHn;  laticiferous  vessels  yel- 
lowish-brown (  Figs.  101,  197a)  :  tracheae  reticulate:  intermediate 
fibers  non-li^ified.  with  irregular  simple  and  oblique  pjores. 

193.  CICHORIUM  (^or  Chicory). —  Irregular  masses  of  inu- 
lin  in  the  parenchyma  cells;  branching  latex  vessels  from  5  to 
10  /*  wide;  trachcx  short,  more  or  less  cylindrical,  with  pointed 
ends,  from  100  to  200  fi  long  and  20  to  40  /i  wide,  with  large, 
elliptical,  simple  jwres.  Associated  with  the  trachea*  are  slightly 
thickened,  elongfated  parench}ma  cells  witii  narrow,  oblique  pores. 

194.  TRITICUM. — Light  brown:  tracheae  lignified.  with  spi- 
ral or  annular  thickenings  or  simple  pores;  sclerenchymatous 
fibers  long,  thick-walled,  strongly  lignified ;  endodcrmal  cells  with 
inner  walls  thickened  and  slightly  lignified ;  parenchyma  with 
irregular  masses  of  a  soluble  carbohydrate. 

n.  WITHOUT  FTBROVASCT^TLAR  TISSUE. 
A.  WITH  CELLULAR  TISSUES. 

195.  USTILAGO. — Grayish-brown  (Figs.  22,  23);  nearly 
spherical  spores  7  by  7  /*:  little  or  no  foreign  substances.  Spores 
of  Cofriuus  comatifs.  blackish  and  ellipsoidal.  5  by  10  /*.  Spores 
of  A^aricus  camf>estris  more  brownish  than  those  of  com  snuit. 
ovoid  and  alxiut  5  by  7  /*. 

196.  ER(70TA. — Oil  globules;  red  or  violet  coloration  in 
chloral  or  stdijluiric  acid ;  false  i)art:nchyma  of  com|)acted  hyphac. 

197.  OPIL'M. — Brownish  {Fig.  314);  in  glycerin  mounts 
showing  grayish -brown,  irregular  granular  masses  35  to  40  /t  in 
diameter;  little  or  no  starch;  thick- walled  jwlygonal  cells  of  epi- 
dermis of  capsule;  epidermal  cells  of  Rumex  leaves  (used  in 
wrapping  opium )  somewhat  polygonal  on  surface  view,  with  ellip- 
tical stomata  alH)ut  70  ^  long,  having  a  narrow  oi>ening:  frag- 
ments of  wings  of  Rumex  fruits  (used  to  prevent  cohesion  of 
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opium  masses),  with  prominent,  hrown-colored  fibrovasciilar  tissue 
ciJinposed  of  spiral  trache*  and  narrnw  sclerenchymatic  fibers; 
paremihyma  of  seeds  colorless,  containing  air;  epidermal  cells 
with  large,  elliptic-al.  oblique  iM^res ;  taste  bitter ;  sparingly  soluble 
in  water  or  ptitassium  hydrate  solution.  The  Smyrna  opium  has 
the  largest  number  of  epidemial  cells  of  capsule,  the  Indian  few 
or  none  and  the  Persian  very  few.  Tlic  Persian  always  has  an 
appreciable  amount  of  starch. 

198.  GOA  PUWJJKR  is  fontied  as  a  result  of  pathological 
changes  in  the  woody  tissues  of  I'otiacapoua  .-Iraroba  ( Fam. 
Leguminosa;),  a  forest  tree  of  Brazil.  It  is  obtained  by  cutting 
down  tlic  trees,  splitting  the  trunk  and  removing  the  powder 
from  the  clefts  or  cavities.  When  fresh  the  powder  is  of  a  light 
yellow  color,  but  on  exposure  to  air  it  l)ecomes  dark  brown  or 
brownish- purple.  It  is  com(josed  of  small,  wine-colored,  some- 
what translucent,  irregular,  angular  fragments,  with  a  few 
fragments  of  tracheae  and  hbriform  cells  with  bor*iered  ix>res.  It 
is  sparingly  soluble  in  water,  soluble  in  alcohol,  chloroform  and 
solutions  of  the  alkalies,  the  latter  being  colored  deep  red  and 
showing  a  green  fluorescence.  It  should  contain  between  50  and  75 
per  cent,  of  a  neutral  principle,  chrysarobin.  which  is  official.  The 
latter  is  a  crystalline  yellow  substance.  Chrysarobin  forms  a  red 
colored  solution  with  solutions  of  the  alkalies  (due  to  the  forma- 
tion of  chrysophanic  acid)  or  sulphuric  acid;  on  pouring  the 
sulphuric  acid  solution  into  an  excess  of  water  the  chrysarobin  is 
re-deposited.  Goa  powder  also  contains  about  2  per  cent,  of  resin ; 
7  per  cent,  of  bitter  extractive;  a  small  amount  of  chrv-sophanic 
acid,  and  yields  about  3  per  cent,  of  ash.  Mounts  of  the  powder 
sometimes  show  colorless  prismatic  crystals. 


B.  WITHOUT  CELLUI-AR  TISSUES. 

a.     POSSESSING  OIL. 

199.  ASAFETIDA. — In  a  glycerin  mount  the  powder  shows 
irregular  grayish  (or  gray  streaked  with  brown)  masses;  these 
are  opaque  and  become  milky  white  on  the  edge  from  the  pres- 
ence of  oil.  The  stony  asafctida  is  pulverulent  and  contains  less 
oil  (p.  671). 
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200.  MYRRHA. — In  glycerin  mount  the  powder  appears  in 
yellowish  or  yellowish-brown  irregular  fragments  made  up  of  a 
grayish  matrix  containing  yellowish  or  ycliowish-brown  oil 
globules  (p.  674).  * 

b.     WITHOUT  OIL. 

a  Remainmg  Opaque  {Not  Affected)  in  Glycerin, 

201.  ALOES  (SOCOTRINE).— Slightly  affected.  (See  No. 
206.) 

202.  BENZOINUM. — Irregular,  colorless  and  wine-colored 
fragments;  some  rosette- shaped  groups  and  collections  of  small 
tetragonal  crystals.  Upon  covering  a  fragment  on  a  slide  with  a 
watch  crystal  and  cautiously  heating,  crystals  of  benzoic  acid 
arc  sublimed  on  the  watch  crystal  (p.  672). 

203.  ELATERIXUM. — Grayish  and  grayish-brown,  more  or 
less  opaque,  irregular  fragments;  upon  heating  a  fragment  with 
phenol,  and  when  cool,  adding  sulphuric  acid,  a  deep-red  colora- 
tion is  produced.     Potassium  hvdrate  has  no  action  on  elaterin 

(p.  387). 

204.  LACTUCARIL'M. — Grayish-brown  and  dark  brown, 
irregular  and  rather  angtilar  masses;  with  alkalies  they  become 
reddish-brown  and  then  a  dirty  brown ;  with  sulphuric  acid  they 
are  but  slightly  affected  (p.  649). 


0  Becoming  More  or  Less  Translucent  in  Glycerin. 

205.  ALOES  {CURASAO). — In  a  glycerin  mount  the  parti- 
cles become  clear  and  behave  hke  Cape  aloes,  but  generally  numer- 
ous acicular,  or  large  prismatic  crystals  remain,  or  separate  in  the 
clear  yellow  space  where  the  fragment  of  aloes  was  originally. 
The   fragments  are  colored   red   with   solutions  of  the   alkalies 

(P-  ^^\^)- 

206.  ALOES  (SOCOTRIXE).— In  a  glycerin  mount  the 
fragments  arc  not  very  perceptibly  affected.  At  the  most  there 
is  but  a  faint  yellowish  color  around  the  grayish  or  grayish-brown 
masses.  In  old  Socotrinc  aloes  the  gray  masses  look  like  rosette 
crystals.    The  fragments  are  colored  red  with  alkalies  (p.  663), 
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307.  GA.MBIR. — Dark  brown  (p.  666):  with  numerous 
acicular  crystals  10  to  txt  fi  longf:  occasionally  large  cubical 
prisms;  also  fragments  of  vegetable  tissue.  In  inferior  g^^dcs 
of  gainbir  spores  of  fungi  are  scjnictimes  abundant  [  l*"ig.  275)- 

308.  CATECHU. — Largv.  o]Ki(iue.  dark  brownish-red  massts 
which  gradually  become  transparent  on  the  edge  anrl  dissolve  with 
a  sherry-wine  color;  frajjments  of  sclcrcnchyma   (Fig.  275)- 

209.  KINO. — The  blackish-brown  fragments  become  clearer 
and  of  a  deeper  red  color  as  compared  to  catechu  (p,  654). 

POWDERS  OF  A  REDDISH  COLOR. 

This  group  includes  those  powdered  drugs  which  are  of  a 
pinkish,  reddish,  brownish-red  (brown  madder),  or  rose  color. 

I.  CONTATNIXG  STARCH. 

210.  QUIU.AJA.— Pinkish  (Figs.  281.  C;  300,  G;  315); 
very  stenmtatory ;  calcium  oxalate  in  monoclinJc  pyramids  from 
35  to  200  ti  long;  bast  5bcrs  numerous,  thick-walled,  strongly 
lignified ;  crystal  fibers  containing  monoclinic  prisms  of  calcium 
oxalate;  stone  cells  more  or  less  thick-walled  and  with  simple 
oblique  pores ;  starch  grains  nearly  spherical.  3  to  10  ^  in  diameter. 

211.  SANGUINARIA. — Reddish;  starch  grains  spherical,  4 
to  8  ju  in  diameter ;  reddish  secretion  cells ;  tracheae  few,  reticulate. 

n.  WITHOUT  STARCH. 
A,  STONE  CELLS  PRESENT. 

212.  CAPSICUM. — Brownish-red  (Figs.  252;  301,  C) ; 
stone  cells  of  two  kinds,  either  nearly  isodiamelric,  uniformly 
thickened  and  with  middle  lamella  slightly  lignitied,  or  somewhat 
elongated  on  surface  view,  convolutely  thickened  on  the  inner 
and  side  walls  and  strongly  lignificd :  sjarch  grains  somewhat 
spherical,  about  3  to  7  >t  in  diameter,  single  or  compound :  gland- 
ular hairs  with  i-  to  3-cened  sialk  and  multicellular  glandular 
head ;  collenchymaious  cells  w  iih  suberizcd  walls :  parenchymatous 
cells  with  yellowish-red  oil  globules  and  irregular  masses  of, 
chronioplastids.     (Sec  Figs.  214,  255.) 
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Powdered  capsicum  is  sometimes  admixed  with  al>out  i  per 
cent,  of  a  fixed  oil  to  improve  its  appearance,  and  such  powders 
are  likely  to  contain  in  addition  some  of  the  commercial  starches 
or  by-products  obtained  in  the  manufacture  of  cereal  products. 

213.  ILLICIUM  (or  Star  Anise). — Dark  reddish-brown 
(Fig.  144) ;  stone  (or  palisade)  cells  0.3  to  0.6  mm. 
long  and  20  to  50  /t  wide,  with  slightly  thickened   walls  and 
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Pir..  11$.  Soup  twrkr  Cs.  ftrnimids  at  calcium  oxaUte;  B,  bMt  fiben:  St.  stone 
cellt;  S.  lUrch  gniim-  P.  parenchymn  rontwnine  lUrvh  and  cfttcium  ox*lkt«-.  MR.  meduU 
lary  r«y»;  A.  putrenchynM  «-ith  simple  i-on*. 

simple  pores;  isodiametric  stone  cells  with  thickened  walls  and 
branching  pores  (astrosclereids)  ;  long  sclerenchymatic  fibers  with 
more  or  less  irregularly  thickened  walls  and  simple  pores;  outer 
epidenna!  cells  with  striated  cuticle;  aleurone  grains  from  10  to 
20  ^  in  diameter,  usually  containing  glolxiids.  The  poisonous 
shikimi  fruit  is  distinguished  by  somewhat  shorter  palisade  cells ; 
somewhat  rounded  stone  cells :  the  aleurone  grains  contain  crys- 
talloids ;  alcoholic  solutions  yield  an  oil  with  a  disagreeable  odor. 
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222.  LUPULINUM.— ReddUh-hrown  (Fig.  298);  large, 
characteristic  glandular  hairs  abunt  20  n  in  diameter.  In  fresh 
I.uptdin  there  are  more  light  yellow  glandular  hairs  than  in  old. 
In  the  latter  there  arc  browner  or  grayish-brown  resinous  niasses 
replacing  the  Hglit  yellow  oil.  The  amount  nf  Huinidiis  fragments 
should  not  be  too  large  in  Lupulin  of  gutxJ  quality  (Fig.  136). 

223.  OPIUM.— (See  No.  197.) 

224.  ROSA  GALLICA. — Rose- colo red ;  epidermis  with  acute 
papillae;  pollen  grains  few,  broadly  splterical.  30  fi  in  diameter 

IP-  557)- 

225.  ROSA  CENTTFOLIA.— Pollen  grains  nearly  smooth 
and  elliptical,  from  15  to  30  ft  long;  fragments  of  corolla  pinkish 
with  chloral ;  papillae  of  corolla  somewhat  rounded ;  cells  of 
anther;  long,  l-cclled.  non-glandular  hairs  around  ovary.  A 
hydro-alcoholic  solution  becomes  yellowish-red  with  adds. 

226.  ZEA. — Style  with  spiral  and  annular  trachea;  numerous 
non-glandular  hairs  consisting  of  2  parallel  rows  of  cells,  and 
from  0.5  to  I  mm.  long  (p.  558). 

POWDERS  OF  A  WHITISH  APPEARANCE. 

This  group  includes  all  those  powders  which  arc  light  in  color, 
and  comprises  chiefly  the  commercial  starches,  cereals,  gnms  and 
some  of  the  inorganic  substances  which  are  occasionally  used  as 
adulterants. 


I.  PLANT  TISSUES  OR  CELL-CONTEXTS  RECOG- 
NIZABLE. 


A.  CONTAINING  STARCH. 


a. 


ONLY  UNALTEREL>  STARCH  GRAINS  PREtSENT. 

Grains  characteristic  for  each ;  completely  soluble  in  glycerin 
on  heating,  and  precipitated  on  the  addition  of  alcohol,  the  pre- 
cipitate being  soluble  in  water. 

227.  ARROWROOT  STARCH.— There  are  a  number  of 
commercial  kinds  of  this  starch,  depending  upon  the  countries  in 
which  it  is  produced  (p.  244).  Brrmuda  arrowroot  is  in  the  form 
of  somewhat  hard,  irregidar  granules  or  masses,  varying  from 
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nr  (ililim^.  and  from  10  tn  65  /a  in  diameter.  The  lamellx  are 
ninslly  inrlistiiicl  ;in(l  tluTc  is  usually  a  transverse  or  crescent- 
^lI:ltu•(l  rlrfi  at  llie  niiddli-  or  near  tlic  broad  end  of  the  grain. 
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MoNTSERRAT  arrowroot  closely  resembles  the  Bermuda  starch, 
but  the  grains  are  a  little  larger  and  more  of  them  show  the 
cleft.  St.  Vincent  arrowroot  is  slightly  darker  in  color  and 
is  in  the  form  of  masses  or  (granules,  wliich  are  sometimes  20 
mm.  in  diameter.  The  starch  grains  resemble  those  of  the  Ber- 
muda arrowroot,  but  the  grains  having  clefts  arc  more  numerous. 
The  arrowroot  starches  all  show  a  distinct  cross  with  the 
micropobriscope  and  a  marke<l  play  of  colors  when  a  selenite 
plate  is  used.  These  starches  usually  contain  about  15  per  cent. 
of  water,  the  remainder  being  composed  of  the  starch  grains. 

228,  POTATO  STARCH  occurs  as  a  more  or  less  finely 
granular  powder,  and  appears  to  have  less  tendency  to  form 
coherent  masses  than  arrowroot  starch.  The  grains  ( Figs.  95 ; 
96;  3J6,  A^  are  somewhat  shell-shaped,  having  distinct  lamellae 
and  a  circular  point  of  origin  of  growth,  which  is  at  the  smaller 
end  of  the  grain.  They  vary  in  size  from  50  to  100  /i,  there  being 
a  large  number  of  smaller,  somewhat  ellipsoidal  or  spherical 
grains,  and  a  few  2-  or  3-compound  grains.  Under  the  micro- 
polariscope  the  grains  show  a  distinct  cross  (Fig.  95),  and  a 
striking  play  of  colors  when  a  selenite  plate  is  used.  On  heating 
the  starch  to  a  temperature  of  0>^  C.  or  treating  it  with  very 
dilute  alkali  or  acid  solutions,  the  grains  swell  lo  four  times  their 
original  size  and  5nally  burst,  passing  through  the  successive 
changes  in  structure  illustrated  in  Fig.  96. 

229.  CORN  STARCH. — This  occurs  as  a  fine,  somcwiiat 
cream-colored,  mobile  powder,  which  is  practically  free  from 
cohering  particles.  The  starch  grains  (Fig.  316.  Z))  arc  more 
or  less  polygonal  or  somewhat  rounded,  usually  with  a  distinct 
circular,  or  2-  to  g-raycd  cleft  in  the  center,  and  vary  from  lo 
to  35  \L  in  diameter.  When  examined  by  means  of  the  micro- 
polariscope  the  grains  show  a  distinct  cross,  but  the  display  of 
colors  when  the  selenite  plate  is  used  is  less  pronounced  than  in 
potato  starch.  This  starch  frequently  contains  traces  of  alkalies, 
which  may  be  detected  by  adding  0.5  Gm.  of  the  starch  to  2  c.c. 
of  an  aqueous  solution  of  fuchsin.  when  the  latter  is  decolorized. 
Com  starch  is  official  (p.  642).  It  should  also  be  stated  that  the 
different  kinds  of  com  produce  starches  that  are  somewhat 
different  in  character  (p.  229). 
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a.  Consisting  of  Single  Grains:  Yam  starch  (from  several 
species  of  Dioscorea)  occurs  in  narrow,  ellipsoidal  grains,  30  to  50 
p.  long,  with  distinct  lamellae  and  point  of  origin  of  growth  at  nar- 
Tow  end.  Canna  starch  {tons  ics  tuois  arrowroot),  derived  from 
several  species  of  Canna,  occurs  in  broadly  elliptical  or  ovate  grains 
var>'ing  from  50  to  125  /*  In  thamctcr  antl  with  distinct  lamellx 
and  circular  point  of  origin  of  growth.  Bean  starch  consists  of 
ellipsoidal  or  rcnifomi  grains,  which  vary  from  25  to  50  p.  in 
length  and  have  a  distinct,  branching,  elongated  cleft  in  the  middle. 
pEA-starch  grains  resemble  those  of  bean  starch,  but  the  grains 
are  smaller  and  more  or  less  irregular  on  the  surface  (Figs.  95; 

b.  Consisting  of  2-  to  3-C0M pound  grains  :  Cassava  or  tapi- 
oca starch  is  obtained  from  the  Sweet  and  Bitter  Cassava  (p. 
318),  and  occurs  in  somewhat  plano-convex  or  bell-shaped.  2-  to 
3-,  or  even  4-  to  8-com[X)und  grains,  which  vary  from  6  lo  30  /i 
in  diameter  and  have  a  distinct  central,  circular,  or  radiating  cleft. 
Sweet  W)Tato  starch  resembles  Cassava  starch,  but  some  of  the 
grains  arc  larger. 

b.    ALTERED  AXD  UNALTERED  STARCH  GRAINS  PRESENT. 

233.  DEXTRIN. — Sticky  mass  with  water,  consisting  chiefly 
of  altered  starch  grains,  but  usually  sufficient  unaltered  grains 
are  present  to  determine  the  source  of  the  dextrin. 

234.  SAGO  starch  is  obtained  from  Cycas  rcz'oluta  and  other 
cycads  as  well  as  a  number  of  palms  (p.  233).  It  occurs  in 
commerce  in  small,  homy  granules,  which  are  slowly  affected 
by  cold  water,  when  there  separates  the  characteristic  elliptical 
or  truncate-elliptical  starch  grains.  The  latter  vary  from  15 
to  50  n  long  and  have  a  large  central  area  surrounded  by  rather 
narrow,  distinct,  altered  lamella:. 

235.  SAGO  (TMfTATIOX). — Breaks  down  quickly  in  water 
and  shows  characteristic  com  starch  grains. 


C.     PLANT  TISSUES  IN    AODITION  TO  STARCH   GRAINS. 

The  former  remain  upon  treatment  with  hot  glycerin. 
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fragments  of  palisade  cells  and  the  somewhat  elongated,  narrow, 
sclercnchymatic  fibers  which  cross  one  another. 

240.  RYE  FLOL'R  is  faintly  grayisli-whitc.  the  starch  grains 
closely  resembling  those  of  wheat,  hut  sometimes  larger  (20  to 
60  n)  ;  tlic  lamellae  are  distinct  and  the  point  of  origin  of  growtli 
is  sometimes  marked  by  a  star-shapeti  cleft  or  fissure.  Rye 
Hour  when  mixed  with  water  does  not  agglutinate  like  wheat 
flour.    A  few  fragments  of  the  pericarp  are  also  present. 

241.  RYE  MIDDLINGS. — In  addition  to  the  starch  grains 
in  rye  flour  a  considerable  amount  of  the  tissues  of  the  pericarp 
arc  present.  The  latter  closely  resemble  those  of  wheat,  but  fuiirs 
from  the  ai>e.x  of  the  fruit  Iiave  tfiiiiner  walls,  the  iimien  being 
2  or  3  times  the  thickness  of  the  walls ;  and  the  tinii;cntiaUy 
elongated  cells  have  simple  pores  only  on  the  tangential  walls, 
and  do  not  lie  clo^e  together,  so  that  there  are  intercellular 
spaces  between  them  (Fig.  J2l). 

242.  BARLEY  FLOUR. — The  starch  grains  closely  resemble 
those  of  wheat,  but  arc  smaller,  usually  not  more  than  25  fi  in 
diameter,  and  in  the  case  of  malt  the  grains  show  distinct  radial 
and  circidar  clefts,  due  to  the  action  of  the  diastase ;  the  hairs 
from  (he  apex  of  the  grain  resemble  those  of  both  wheat  and 
rye  lint  are  shorter  than  dthcr,  being  from  40  to  150  fi  long; 
the  tangeittiaUy  elongated  cells  are  non-porous,  the  walls  being 
I  to  2  /*  thick  (Fig.  321 ). 

243.  BUCKWHEAT  FLOUR.— Light  grayish-brown:  peri- 
carp of  elongated  epidermal  cells  with  latticed  walls,  due  to  the 
pores  of  the  outer  and  inner  walls  running  nhlii|udv  and  at  right 
angles  to  each  other;  short  sclerenchymatic  fil>ers  wiU»  somewhat 
curved  or  oblique  end  walls,  large  simple  pores  and  brown  con- 
tents; parenchyma  with  brown  contents.  Scetl-coat  showing'  in 
surface  section  epidermal  cells  with  umhilatc  walls;  branching 
parenchyma  with  greenish  or  brownisli-yellow  contents;  and  an 
inner  epidcnnis  of  elongated  cells.  Endospenn  having  a  layer 
of  cells  containing  aleuronc  grains,  resctnhling  those  found  in 
the  true  cereals,  and  parench\Tna  with  numerous  angular  or  some- 
what rounded  or  ellip-soidal  starch  grains  (resembling  those  of 
rice  or  oat),  with  distinct  central  cleft  antl  varying  from  5  to  12/1 
in  diameter  (Fig,  138). 
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taper  gradually  towards  the  base  as  well  as  towards  the  apex. 
The  other  tissues  of  the  pericarp  are  not  so  conspicuous  as  in 
the  other  cereals  (Fig.  120}. 

246.  NUX  VOMICA.— (See  No.  252.) 

247.  ORRIS  ROOT. — Characteristic  starch  grains  15  to  30  /i 
in  diameter;  scalariform  trachex  25  f*  in  diameter;  no  cork; 
calcium  oxalate  in  raphidcs  or  in  long  pyramids  (Figs.  317,  A; 
320).  Coarse  angular  fragments  of  orris  root,  which  have  been 
colored  with  yellow,  green  and  red  aniline  dyes,  are  sometimes 
present  in  a  so-named  Japanese  pot  poiirri  which  is  used  for  filling 
rose  jars. 

248.  QUILLAJA.— (See  No.  210.) 

249.  BRYONIA. — Starch  grains  single  or  two  or  more  com- 
pound, from  10  to  20  ft  in  diameter :  occasional  acicular  crystals 
200  fM  in  length ;  trachex  35  to  60  ^  wide,  associated  with  yellowish 
colored  cells;  cork  cells  yellow;  powder  colored  purplish  and 
reddish-hrown  with  sulphuric  acid. 

249a.  CALAMUS— (Sec  No.  128.) 
249b.  ULMUS.— (See  No.   129.) 

fi  Soluble  in  or  Swelling  in  Cold  IVater  to  Form  a  Sticky  Mass. 

250.  TRAGACANTH A.— Slowly  affected  by  water;  frag- 
ments of  irachcic  and  parenchyma ;  starch  grains  more  or  less 
spherical  and  from  2  to  10  /i  in  diameter  (p.  652). 

B.  WITHOUT  STARCH. 

0.     CALCIUM   OXALATE  PRESENT. 

251.  SCILLA. — Raphidcs  very  long,  being  sometimes  i  or  2 
mm.  in  length,  and  occurring  cither  in  mucilage  cells  or  free  in 
the  powder  or  agglutinated  mass;  also  isolated  fragments  of  fibro- 
vascular  tissue  (Fig.  281,  B). 


b.     CALCIUM  OXALATE  WANTING. 

252.  NUX  VOMTC.\.— Grayish-white  (Figs.  173.  318) ; 
odor  slight ;  taste  intensely  and  persistently  bitter;  epidermal  cells 
modified  to  strongly  lignified  hairs;  endosperm  cells  containing 
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Almond  meal  consists  chiefly  of  the  tissues  of  the  embno. 
The  so-called  almond  meal  which  is  used  as  a  cleansing  agent 
consists  of  ALMOND  CAKE,  a  bv-product  in  the  manufacture  of 
almond  oil,  to  which  are  added  other  substances  to  g^ive  it  a  pleas- 
ant odor,  as  orris  root  (see  N*o.  247).  A  spurious  almond  meal 
consists  of  wheat  mi<ldHngs  to  which  |X>wdered  soap  and  some 
volatile  oil  or  triple  extract  are  added. 
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Pic.  )>o.  Orris  mot:  pr.  parenchyma  crniluntntr  aUrch  gratna-.  a.  >tAn:h  tnuna 
*4tb  charactcriidc  cleft;  pr',  parenrhyirut  vritK  narrow  oblirtue  pons;  tp.  (n^OicaU  ot 
tTKchcte:   K.  priRiu  of  calcium  oxolAie. — After  Vosl. 

II.  ABSENCE  OF  PLANT  TISSUES. 
A.  SOLUBLE  IN  WATER. 

■"254.  ACACIA  (WHiTE).— Soluble  in  cold  water  forming 
a  sticky  mass:  few  plant  tissues  present. (p.  643). 

255.  SACCHARUAL — Cr>'stal3  in  rhombic  prisms  which 
are  insoluble  in  fixed  oils,  chloroform  or  ether,  but  soluble  in 
water,  alcohol  or  glycerin. 


B.  INSOLUBLE  IN  WATER. 
Q.     SOLUBLE   IN    ALCOHOL. 

256.  CAMPHORA. — Liquefies  in  mounts  of  glycerin  and 
chloral;  glycerin  mounts  show  irregular  masses,  nearly  insoluble 
in  water  but  soluble  in  alcohol,  and  fixed  and  volatile  oils. 
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/3  So  Color  Reaction  With  Sulphuric  Acid. 
1.  Soapy  Feel. 

258.  TALCL'M  (MAGNESIUM  SILICATE).— Rather 
long,  irregular,  lustrous  and  broken  crystals. 

2.  Soluble  in  Acetic  Acid. 
*  With  Effervescence. 

259.  CALCII  CARBONAS  PR^CIPITATUS.— By  adding 
hoi  solution  of  animoniuni  oxalate  to  an  acetic  acid  solution  of 
this  salt  on  a  slide,  crystals  of  calcium  oxalate  are  obtained. 
Mounts  in  glycerin  show  rosette  aggregates  or  cubical  crystals 
of  a  rather  uniform  size. 

260.  CRETA  PR^'EPARATA.— Same  treatment  as  above. 
The  rcsuUing  calcium  oxalate  cr)  stals  are  triangular  and  cubical 
antl  not  of  uniform  size. 

261.  BARIUM  CARBONATE.— Add  sulphuric  acid,  and  in 
glycerin  mount  the  barium  sulphate  precipitate  occurs  in  very 
small  particles. 

*♦  Soluble  in  Acetic  Acid  Without  Effervescence. 

262.  MA(jN*ESI.'\  PONDEROSA.— In  glycerin  mount  alone 
small,  rounded  masws  are  observed,  frequently  grouped  together; 
if  a  few  milligrams  be  dissolved  in  citric  acid  on  a  slide  or  watch 
crystal,  then  a  few  drops  (excess)  of  ammonium  hydrate  and 
sodium  phosphate  s*ilutinn  be  added,  and  stirred  vigorously  with  a 
glass  rod.  triangular  or  tetragonal  crystals  are  formed. 

2^3.  MAGNESl.'X.^In  a  glycerin  mount  the  masses  have  the 
appearance  of  heav>-  magnesia,  but  are  larger  and  more  trans- 
parent. On  treatment  with  citric  acid,  ammonium  hydrate  and 
sodium  phosphate,  the  crystals  of  ammonium-magnesium  phos- 
phate in  glycerin  mount  arc  large,  star-shaped,  and  look  like 
snow  crystals. 

3.  Insoluble  in  Acetic  Acid. 

♦  Soluble  in  Nitric  .-Vcid. 

If  necessary,  in  deciding  on  any  of  the  next  four  powders,  they 
are  to  be  fused  with  potassium  carbonate  or  sodium  carbonate, 
and  a  regidar  qualitative  chemical  separation  effected. 


POWDERED  DRUGS  AND  FOODS.  799 

molybdate  solution,  stirring  well  with  a  glass  rod,  small,  yellow, 
diamond-shaped  crystals  are  observed,  which  are  permanent  in 
glycerin  mounts. 

265.  CALCII  SULPHAS. — In  glycerin  mount  alone  needle- 
shaped  crystals,  or  long  crystals  in  masses  which  look  like  a  group 
of  sclerenchyma  fibers,  are  observed.  The  flame  test  with  plat- 
inum wire  gives  bright  reddish-yellow. 

266.  BARIUM  SULPHATE.— In  glycerin  mount  alone 
irregular-shaped  crystals  varying  in  size  are  observed.  The  flame 
test  is  green. 

267.  TERRA  ALBA. — This  powder  is  composed  of  alumi- 
num silicate  and  magnesia  and  occurs  in  irregfular  masses. 


PART  III.— REAGENTS  AND  MICRO- 
SCOPIC TECHNIQUE. 


The  reagents  that  have  been  recommended  for  microscopical 
work  are  quite  ntimcrotis,  and  while  nearly  all  of  them  may  have 
more  or  less  special  mctit,  the  number  of  reagents  aaually 
required  in  practice  is  fortunately  quite  small. 

It  is  important  that  the  student  recognize  the  necessity  for  a 
thorough  understanding  of  the  structure  of  the  material  under 
examination  rallier  tlian  place  too  much  dependence  upon  the 
effects  produced  by  reagents ;  in  other  words,  tlie  study  of  struc- 
ture sliould  precede  the  use  of  reagents,  particularly  stains,  when 
it  will  often  be  found  lliat  the  latter  can  be  dispensed  with  entirely. 

The  chemicals  that  are  employetl  in  microscopical  work,  either 
as  reagents  or  for  other  purposes,  may  be  classified  as  follows; 
(l)  Preservatives,  (2)  Fixing  and  Killing  Agents,  (3)  Harden- 
ing and  Dehydrating  Agents,  {4)  Clearing  Agents.  (5)  Stains 
and  ffil  Special  Reagents. 

Pki'^kkvatives  are  substances  used  to  preser\'e  material  which 
is  to  be  examined.  The  most  important  of  these  are  alcohol 
(from  40  to  95  per  cent.)  and  formalin  fz  to  6  per  cent,  aqueous 
or  alcoholic  (fio  per  cent.  alcohoU  solution],  the  latter  of  which 
is  considered  advantageous  in  the  preservation  of  specimens  con- 
taining coloring  substances,  as  leaves,  flowers,  etc.  Almost  any 
antiseptic  of  the  proper  strength  may  be  used  as  a  preservative. 

Fixing  or  Kiu-inc  .V.rnts  are  more  especially  employed  in 
the  study  of  the  protoplasmic  cell-contents,  where  by  their  use 
the  life-processes  of  the  cell  are  brought  to  a  sudden  termination, 
the  object  being  to  fix  the  contents  in  a  condition  approaching  as 
nearly  as  possible  the  normal  living  state.  In  order  to  carry  out 
this  operation  successfully,  the  living  specimen  must  be  placed  in 
(he  fixing  or  killing  agent  as  soon  as  collected,  and  if  the  specimen 
is  large  it  should  be  cut  into  small  pieces.  The  following  are  some 
of  the  common  fixing  agents:  Oiromic  acid  in  0.5  to  t  per  cent, 
aqueous  solution:  osmic  acid  in  i  to  2  per  cent,  aqueous  solntion; 
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Flcmming's  mixture,  which  is  an  aqueous  solution  of  chromic  acid 
(0.25  per  cent.)  containing  o.i  per  cent,  of  osmic  acid  and  0.1  per 
cent,  of  acetic  acid;  picric  acid  in  concentrated  aqueous  or  alco- 
holic solution ;  picric-sulphuric  acid,  a  concentrated  aqueous  solu- 
tion of  picric  acid  containing  2  per  cent,  by  voiume  of  sulphuric 
acid;  and  mercuric  chloride  (corrosive  sublimate)  used  in  o.i  to 
J  per  cent,  aqueous  or  alcoholic  solution. 

Hardenint.  or  Dehvdk.^ting  Agents  are  those  substances 
which  are  employed  for  the  purpose  of  hardening  the  specimen  so 
as  to  facilitate  sectioning  and  for  removing  the  water,  which 
would  interfere  with  its  examination.  Alcohol  is  to  be  regarded 
as  the  principal  hardening  or  dehydrating  agent,  and  considerable 
care  is  necessary  in  its  use ;  the  specimen  is  treated  successively 
with  alcoholic  solutions  of  gradually  increasing  strength,  begin- 
ning with  a  35  per  cent,  solution,  in  which  the  specimen  is  kept 
for  twenty-four  hours;  then  it  is  placed  in  50  per  cent,  alcohol  for 
from  six  to  twenty-four  hours,  and  then  in  70  per  cent,  alcohol, 
in  which  it  may  be  kept  until  ready  for  use.  In  order  to  avoid 
shrinking  of  the  material  at  this  stage,  it  may  be  kept  in  a  solu- 
tion of  aictihol  and  glycerin,  or  oil  of  l>crg3mot,  or  a  mixture  of 
xylol  and  parafhn.  When  the  material  is  to  be  examined  it 
should  be  removed  to  85  per  cent,  alcohol  for  from  six  to  twenty- 
four  hours,  then  to  95  per  cent,  alcohol  and  absolute  alcohol  suc- 
cessively for  the  same  length  of  time.  Of  the  other  dehydrating 
agents  the  most  important  arc  anhydrous  glycerin,  pure  carbolic 
acid,  and  anhydrous  sulphuric  acid,  the  latter  being  used  in  a 
desiccator  and  not  applied  directly  to  the  specimen. 

Making  of  Sfxtions. — Sections  of  roots,  stems,  barks  and 
many  fruits  and  seeds  can  be  made  directly  without  embedding 
the  maltrial,  and  while  sections  can  be  made  holding  the  material 
in  the  hand,  between  the  thumb  and  three  fingers,  the  hand  micro- 
tome for  holding  the  material  may  be  used  by  those  who  arc  less 
experienced.  In  the  sectioning  of  leaves  and  other  material  that 
is  not  firm,  and  fniits  and  seeds  which  are  too  small  to  hold  in 
the  hand,  the  material  should  be  eml)edded  in  some  substance 
which  will  hoM  it  and  give  it  stability.  When  the  tissues  are  not 
too  hard  the  material  may  be  placed  lietween  pieces  of  elder  or 
sunflower  pith.    In  some  cases  the  making  of  sections  is  facili- 
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Ziel's  Carbol-fuchsin. — This  solution  is  prepared  by  adding 
15  c.c.  of  a  concentrated  alcoholic  solution  of  fuchsin  to  100  c.c. 
of  water  containing  5  grams  of  carbolic  acid. 

Aniune  Dyes  are  usually  employed  in  concentrated  aqueous 
solution,  but  owing  to  the  difference  in  solubility  of  the  dyes  the 
solutions  vary  in  strength.  Saturated  solutions  of  eosin  or  gentian 
violet  may  be  prepared  by  dissolving  i  gram  of  the  dye  in  100  c.c. 


PlO.  ja3'    Reagent  bottle  for  sterile  Bolutions. 


of  water,  while  to  make  a  saturated  solution  of  methylene  blue 
requires  0.400  Gm.  of  the  dye  to  100  c.c.  of  water.  Some  investi- 
gators prefer  to  replace  the  distilled  water  with  aniline  water, 
which  is  prepared  by  adding  about  3  grams  of  anilin  oil  to  100 
c.c.  of  distilled  water. 

Reagent  Bottle  for  Sterile  Solutions. — The  solutions  of 
the  aniline  dyes  as  ordinarily  prepared  deteriorate  more  or  less 
rapidly  and  are  usually  made  up  fresh  each  time  they  are  required 
for  use.    These  solutions,  as  well  as  other  reagents  that  are  prone 
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to  decomposition,  may,  however,  be  kept  for  months  or  even  years 
by  preparing  them  with  care  and  keeping  them  in  a  special  kind 
of  bottle  (Fig.  323).  An  ordinary  bottle  may  be  used,  and  is 
fitted  with  a  rubber  stopper  perforated  so  as  to  allow  the  intro- 
duction of  two  glass  tubes.    These  tubes  are  bent  twice  at  right 


■  Fio.  314.     Method  of  applying  reaRent  to  materia)  already  mounted,    g.  (dpette;   f. 

filter  paper. 

angles  and  the  free  ends  directed  downwards.  One  of  the  tubes 
is  connected  with  an  atomizer  bulb  and  serves  for  forcing  out  the 
liquid.  A  small  plug  of  absorbent  cotton  is  placed  in  the  tube 
at  the  point  C.  so  as  to  filter  the  air.  This  may  be  improved  by 
blowing  a  bulb  in  the  tube  for  holding  the  cotton.  The  bottle 
should  he  sterilized  before  placing  the  solution  in  it.  and  the  solu- 
tion should  be  made  by  adding  the  dye  to  sterile  water  contained 
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in  the  bottle.  The  solution  may  be  afterwards  furtlier  sterilized 
by  means  of  steam  if  this  should  be  found  ncccssan*,  as  in  this 
way  only  a  perfectly  sterile  solution  could  be  produced. 

The  non-aniline  stains  give,  as  a  rule,  more  reliable  and  con- 
stant results  in  the  study  of  cell  walls,  as  in  the  roots,  stems  and 
other  part*;  of  the  plant,  than  the  aniline  stains.  They  include 
the  following: 

Beale's  Carmine  Solution,  which  is  made  as  follows:  Mix 
0.6  Gm.  carmine  wit!i  3.75  Gm.  amnwnia  water  ( 10  per  cent.)  : 
heat  on  a  water-bath  for  several  minutes:  then  add  60  Gm.  of 
glycerin,  60  Gm.  of  water  and  15  Gm.  of  alcohol,  and  filler. 

Grenacheh's  Rokax-Cauxune  Solution. — Dissolve  z  to  3 
Gm.  of  carmine  and  4  Gm.  of  borax  in  93  c.c.  of  water  and  then 
add  roo  c.c.  of  alcohol  (70  per  cent.) :  shalce  and  filter.  When 
this  stain  is  employed  the  sections  are  freed  from  an  excess  by 
the  use  of  alcoholic  solutions  of  borax  or  oxalic  acid. 

Hover's  Picro-Cakminf.  Solution  is  made  by  dissolving 
carmine  in  a  concentrated  solution  of  neutral  ammonium  picrate. 
A  solution  of  carmine  and  picric  acid  is  known  as  Picro-Camiine 
Solution.  Carmine  solutions  give,  with  cellulose,  the  nucleus  and 
proteins  a  red  color. 

Chlor-zinc-iodide  Solution,  or  Schulzc's  Cellulose  Reagent, 
consists  of  anhydrous  zinc  chloride,  25  Gm. ;  potassium  iodide,  8 
Gm.,  and  water,  8.5  Gm.,  to  which  as  much  iodine  is  added  as 
thr  .<olution  will  dissolve.  This  reagent  gives  a  violet  color  with 
cell  walls  containing  cellulose.  Of  the  cell  contents  starch  is  the 
only  one  which  is  affected  by  it.  being  colored  blue. 

Bohmer's  HjEMAToxvi.rx  Soi.i'TioN  is  prepared  by  mixing 
the  two  following  solutions  and  filtering  after  allowing  the  mix- 
ture to  stand  for  several  days:  (a)  one  part  of  a  3.5  per  cent, 
alcoholic  (95  per  cent.)  solution  of  hematoxylin  and  (h)  three 
parts  of  a  n.4  per  cent,  aqueous  solution  of  potassium  ahim. 

Delafielu's  H^MATOXVLrv  Solution,  which  is  also  incor- 
rectly called  "  Grenachcr's  H.-ematoxylin  Solution,"  is  made  by 
mixing  the  following  solutions:  (a)  Hsematoxylin  4  Gm..  alcohol 
25  c.c.  and  (b)  400  c.c.  of  a  saturated  aqueous  solution  of  ammo- 
nia alum ;  this  solution  is  exposed  to  the  light  for  three  or  four 
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days,  filtered,  and  then  100  c.c.  eadi  of  glycerin  and  methyl  alco- 
hol arc  added,  the  solution  allowed  to  stand  for  several  days  and 
finally  filtered.  An  excess  of  the  stain  is  removed  from  the  sec- 
tions by  subsequent  washing  either  with  a  2  jjer  cent,  alum  solu- 
tion or  an  acidified  alcoholic  solution.  Tliis  solution  gives  to 
cellulo^,  ligiiin  and  the  protoplasmic  cell  contents  a  nolet  color. 


B 


Flo,  3»s-  niajjrams  ahowinir  the  rtiReronce  bvtveen  an  air-bubble  anr"  an  oil-alcibule 
in  ilifTcTCDi  itxi  When  ihc  focui  i»  «bovr  bs  at  A.  Ihc  air-bubbk  4C)  la  iIatIc  ttrity  am] 
the  oil-elabule  (E)  liKhT  (Cny-  When  the  focus  u  at  the  lower  portion,  as  at  B.  the  air- 
bubble  ID)  it  liahi  in  the  center  and  the  oil-slobule  (P)  dark  Kray.  The  unic  optical  efTe<rIi 
Aa  an  obtaioea  with  oll-elobules  an  observad  vritb  cell  walls,  starch  graina  and  crystals. 

loDiXR  ANn  PoTAssiLM-lnniDE  SOLUTION  consists  of  iodine, 
13  Gm. ;  potassium  iodide,  20  Gm. ;  water.  100  c.c. 

TnniN-R  Water  is  prepared  by  adding  as  much  iodine  to  dis- 
tilled and  sterilized  water  as  it  will  dissolve  (about  1:5,000). 

Chloral-Iodine  Solution  consists  of  a  saturated  aqueous 
.si^lulion  of  chloral,  to  which  io<line  is  added.  This  reagent  is 
useful  for  staining  the  starch  grains  in  the  chloroplasts. 
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PuLotcixxuciN  Solution*,  used  as  a  test  for  lignifi  (p.  183), 

is  a  0.5  to  2  per  cent,  alcoholic  solution  of  phloroglucin,  which  is 
used  in  conjunction  with  hydrochloric  acid. 

Iron  Solctions  are  aqueous  or  alcoholic  solutions  containing 
5  to  20  per  cent,  of  ferric  acetate  or  ierric  chloride.  These  are 
mostly  used  as  tests  for  tannin,  giving  either  a  bluish-black  or 
grccnish-black  coloration  or  precipitate. 

Coci-Ek-AcET.iTE  Solution  is  a  7  per  cent  aqueous  solution 
of  cupric  acetate  (p.  l8l).  It  is  the  most  distinctive  test  for 
tannin,  particularly  with  fresh  material,  producing  a  re<l<iish- 
brown  precipitate  in  the  cells  containing  tannin.  The  fresh 
material  should  be  cut  into  small  pieces  and  immediately  placed 
in  the  solution  of  copper  acetate  and  allowed  to  remain  (or  from 
24  to  48  hours.  The  excess  of  the  reagent  is  then  washed  out 
and  the  materia]  placed  in  alcohol. 

Sciiulze's  Macf,rati.\'<;  Solution  \%  prepared  by  adding 
crystals  of  potassium  chlorate  from  time  to  time  to  warm  con- 
centrated nitric  acid.  It  is  employed  in  the  isolation  of  lignificil 
cells.  The  material  is  allowed  to  remain  in  the  solution  for  a 
sJiort  time  or  until  there  ap|iears  to  be  a  disintegration  of  the 
tissues.  A  large  excess  of  water  is  then  added.  The  material  is 
carefully  washed,  the  cells  beased  apart  and  mounted  in  a  solution 
of  methylene  blue. 

Spfxl\i.  Reagents  comprise  all  those  substances  which  are 
employed  in  the  morphological  study  nf  the  cells,  and  include  solu- 
tions of  tl>e  alkalies  (o.i  to  6  |)er  cent.),  solutions  of  the  mineral 
adds,  which  may  be  weak  or  concentrated,  and  solutions  of 
organic  acids,  as  acetic  and  citric. 

DouKLE  Stai  NiNG,  or  the  use  of  two  stains  in  the  examination 
of  a  specimen,  furnishes  not  only  a  means  of  beautifying  the  speci- 
men, but  al*^  has  a  certain  diagnostic  value.  The  following  are 
some  of  the  combinations  used;  (a)  aqueous  sohitions  of  car- 
mine in  connection  whh  alcoholic  solutions  of  iodine  green;  (6) 
alcoholic  solutions  of  haeniatoxylin  and  safranfn:  (c)  solutions  of 
eosin  and  methylene  blue;  (d)  solutions  of  fuchsin  and  methylene 
blue;  (c)  solutions  of  gentian  violet  and  Bismarck  brown. 

MOUNTING  OF  SPECIMENS.— Microscopic  preparations 
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br  mounts  are  of  two  kinds:  they  may  serve  a  temporary  pur- 
pose only  or  they  may  be  prepared  so  as  to  serve  for  future  study, 
the  latter  being  known  as  permanent  mounts. 


.o---- 


FiR.  336.  A  cell  from  sassafras  pith  showing  intercellular  space  (i);  middle  lamella 
(m):  layer  of  lignin  (1):  and  layer  of  cellulose  Ic),  which  is  subsequently  modified  to  muci- 
lafie;  simple  pores  (p)  which  are  seen  in  the  lower  wall,  the  section  being  slightly  oblique. 
B,  portion  of  wall  showing  the  appearance  of  the  pores  when  the  view  is  transverse  to  the 
wall  and  the  focus  is  at  the  upper  part  of  the  pore  (a)  or  at  the  lower  part  (b). 

In  taking  up  the  study  of  a  specimen  it  should  first  be  mounted 
in  water  and  examined  ;  then  the  water  may  be  replaced  by  a  weak 
aqueous  solution  of  glycerin  (5  to  10  per  cent.)  and  the  specimen 
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examined  again.  After  this  prcliniinary  examination  other  agents 
and  reagents  may  be  employed.  Specimens  mounted  in  glycerin 
will  keep  for  several  day>  and  even  months.  Generally  speaking, 
the  only  effect  which  the  glycerin  l^s  on  the  tissues  or  contents 
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Pio.  JIT-  Cryitabi  of  tome  of  the  comfron  reutents  which  not  infrequently  aepa- 
t»te  on  tlie  tHila  aad  inuy  be  mistakm  for  cell  contents:  A.  isotropic  crytUls  of  chloml 
whicli  utxur  iQ  mba  about  lo  n  in  rtiamrtrr  or  lona  ncc^lln  about  50  »•  long.  B.  phloro* 
Sludn  which  occurs  in  brund  rectangular  nlatM  orcmpsoidal  discs  from  is  to  js  »■  tn  dura* 
etcf  wiiith  arc  doubly  icfncttnit  with  a  play  of  colors:  C  cube*  of  potanaum  iortlde  which 
•irc  iiHjInipic;  D,  crvatal*  frtmi  potauium  hydrate  lolution  which  tvpantr  in  bcoMd  prisms 
and  lirunchios  chauu  that  art  Joubly  rpfraLlinK  and  kivc  marked  color  «ff«cii. 

is  tliat  of  swelling  them,  which  is  obviated,  to  a  greater  or  less 
extent,  however,  if  the  glycerin  i>  washed  out  after  an  exaiti- 
tnation  is  mailo. 

In  addition  to  the  methods  involving  the  use  of  glycerin,  there 
arc  tA%'o  ways  of  making  permanent  mounts,  depending  upon  the 
employment  either  of  Canada  balsam  or  glycerin  jelly  as  the 
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moanting  medium.  The  method  involving  the  use  of  the  latter 
is  the  simpler,  and  leaves  the  specimen  in  such  a  condition  that  a 
re-examination  with  reagents  can  be 
made  if  desirable.  Glvcilrin-jelly 
mounts  are  made  as  follows :  Specimens 
which  have  been  previously  treated  arc 
transferred  to  glycerin  and  allowed  to 
remain  for  several  hours,  the  excess  of 
glycerin  removed,  and  the  specimen 
transferred  to  a  warm  slide  on  which  a 
drop  of  glycerin  jcUy  '  has  been  placed. 
The  preparation  is  warmed  slightly  to 
rcmuvc  air-bubbles,  and  a  warm  cover- 
glass  applied,  care  being  taken  to  prevent 
the  formation  of  air-bubbles.  Evapora- 
tion of  the  glycerin  jelly  is  prevented  by 
the  use  of  shellac  cements,  asphalt  var- 
nish or  candlewax. 

The  following  method  may  be  used 
for  the  preparation  of  Canada  ralsau 
moi;nts:  The  specimen  is  cleared,  dehy- 
drated by  the  use  of  alcohol  and  then 
placed  in  chloroform  or  benzol.  TIic 
clearing  of  the  specimen  is  materially 
assisted  by  placing  it  in  oil  of  cloves  or 
turpentine  prior  to  mounting  it.  A  drop 
of  Canada  balsam  solution  (i  part  of 
balsam  to  3  parts  of  chlorofoni]  or 
benzol)  is  placed  on  a  slide  and  the  speci- 
men mounted.  When  nearly  dry.  scrape 
off  the  excess  of  balsam,  clean  the  slide 
and  coverglass  with  chloroform  or 
benzol,  and  ring  with  cement. 


Fio.  J 18,  Section  of  micio* 
mope  xtiowina  thr  relation  of 
the  iKuUr  mi«;iximetrr  (o)  and 
the  lUmv  micrumrtcf  (sV  As 
brm  rpprrscntol  so  iliviitions 
of  the  ocular  >c«le  are  cquira- 
lent  to  4  diviHons  n{  thr  Atue 
mlcTYinietef,  trni  thus  each  di- 
vision of  the  oc«Ur  is  r<iuiva- 
lent  to  >  microtis  <mk  p.  H13). 
d.  diaphrasm  in  eyv^piece, 
on  which  the  ocular  nucnnn- 
cter  veati. 


'  Kaisek's  Glvcerin  Jelly.— Soak  7  Gm.  of  gelaiin  in  42  Gm.  of  water 
for  iwn  hours:  dissolve  1  Gm.  o(  carbolic  acid  in  49  Gm.  of  glycerin;  mix 
the  two  solutions;  heal  on  a  water-bath,  with  occasional  stirring,  for 
fifteen  minutes,  and  finally  filler  through  glass  wool.  The  jelly  is  wanned 
slightly  to  liquefy  it  before  tt<(ing. 


8i2  BOTANY  AND  PHARMACOGNOSY. 

Dried  Material. — Most  of  the  vegetable  drugs  and  some  of 
the  vegetable  foods  occur  in  commerce  in  a  more  or  less  dried 
condition,  and  in  order  to  study  them  microscopically  it  is  usually 
necessary  to  give  them  some  preliminary  treatment.  With  the 
majority  of  drugs,  soaking  in  hot  or  cold  water  for  from  a  few 
minutes  to  a  few  hours  will  render  them  sufficiently  pliable  or  soft 
for  sectioning.  After  this  the  material  is  hardened  by  placing  it 
in  alcohol  (60  to  70  per  cent.)  for  a  few  hours  or  over  night. 
It  may  then  be  sectioned  and  treated  with  special  reagents  or 
stains  as  desired.  Very  hard  material,  as  the  shells  of  nuts  and 
seeds,  may  be  softened  by  soaking  in  solutions  of  potassium 
hydrate. 

Some  Practicai,  Suggestions. — The  following  are  some  of 
the  rules  which  should  be  borne  in  mind  by  the  student  when 
using  the  microscope  in  the  examination  of  vegetable  drug 
material : 

1.  Always  mount  the  sections  (including  powdered  material) 
in  water  or  other  suitable  reagent  prior  to  examination,  never 
attempting  to  examine  dry  material  except  in  special  cases. 

2.  Use  sufficient  of  the  mounting  medium  or  reagent  to  cover 
the  specimen,  but  avoid  an  excess  or  more  than  will  be  held  under 
the  cover-glass. 

3.  Always  endeavor  to  have  the  object  properly  illuminated 
by  making  use  of  the  concave  mirror. 

4.  Always  be  pa.-ticular  about  having  the  eye-piece  and  objec- 
tives clean. 

5.  In  examining  a  preparation,  always  use  the  low-power 
objective  first. 

6.  The  edge  of  a  section  is  always  the  thinnest,  and  this  part 
being  the  best  for  study,  should  be  brought  to  the  center  of  .the 
field. 

7.  When  the  object  is  properly  centered,  raise  the  objective, 
swing  it  to  one  side,  bring  the  high-power  objective  into  its  place, 
and  cautiously  lower  it  until  it  is  brought  to  about  the  distance 
of  a  millimeter  from  the  cover-glass.  Then  holding  the  slide 
with  the  left  hand,  the  proper  focus  of  the  object  Is  obtained  by 
making  use  first  of  the  coarse  adjustment  and  then  of  the  fine 
adjustment,   the   right   hand  being   used    for   this   purpose.      In 
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examining  the  object  always  hold  tlie  slide  with  the  left  hand, 
and  u-se  the  riglit  hand  for  maintaining  the  proper  focus  by  means 
of  either  the  coarse  or  fine  adjustment. 

8.  In  all  cases  where  practicable  make  drawings  of  the  sec- 
tions examined. 

9.  In  some  cases  it  is  desirable  to  apply  a  reagent  after  the 
material  has  been  mounted,  as  in  the  addition  of  an  iodine  solution 
to  a  section  to  dciem»inc  the  presence  of  starch,  and  this  is 
accomplished  by  placing  a  drop  or  two  of  the  reagent,  by  means 
of  a  pipette  or  dropper,  near  the  edge  of  tlic  cover  on  one  side 
and  taking  up  tli|e  excess  of  liquid  by  temporarily  placing  a  piece 
of  filter  paper  on  the  opposite  side  (Fig.  324). 

AiR-Ui-BiiLES. — The  beginner  in  the  use  of  the  microscope  is 
often  confused  by  the  presence  of  air-bubbles,  mistaking  them 
for  portions  of  the  material  under  examination,  as  starch  grains, 
oil-globules  or  even  the  cells  themselves.  While  it  is  not  prac- 
ticable to  avoid  their  presence  entirely,  their  identity  may  be 
<letermined  by  the  manner  of  focussing  upon  them.  When 
focussing  above  on  an  air-bubble  it  always  api>ears  dark  (Fig. 
325.  C),  but  when  the  focus  is  lowere*:!,  it  becomes  lighter 
(Fig.  325,  D)  :  while  in  the  case  of  an  oil-globule  or  starch  grain 
th^  reverse  is  true.  i.e..  it  is  lightest  when  the  focus  is  above 
(Fig.  325,  £)  and  darker  when  the  focus  is  lowered  (Fig.  325. 
F).  To  obviate  as  much  as  possible  the  formation  of  air-bubbles, 
the  edge  of  the  cover-glass  should  first  Iw  applied  to  the  Vu\vt'\<] 
on  one  side  and  then  allowed  to  drop  upon  it.  When  particular 
care  is  required,  a  pair  of  forceps  may  be  tiscd  for  holding  the 
cover  and  lowering  it  gradually. 

Frequently  also  simple  pores  in  the  cell-walls  arc  mistaken 
for  cell-contents,  and  sometimes  even  the  lumen  of  tlie  cell  has 
been  mistaken  for  a  prism  of  calcium  oxalate.  The  beginner 
will  therefore  find  it  an  advantage  to  study  the  simple  pores  in 
the  pith  cells  of  elder  or  sassafras  (Fig.  326!.  In  sections  show- 
ing either  the  upper  or  lower  wall  of  the  cells,  the  pores  appear 
as  circular  or  elliptical  markings,  which  may  be  mistaken  for  cell- 
contents,  but  which  in  focussing  upon  them  are  seen  to  be  Optical 
or  microscopical  sections  of  the  pores. 

MicROMETRV  OR  MICROSCOPIC  MEASUREMENT. — In  the  micro- 
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scopic  study  of  vegetable  drugs  a  knowledge  of  the  comparative 
size  of  the  elements  is  often  of  much  !ielp  in  determining  the 
identity  of  material  tmder  examination,  and  for  this  reason  the 
student  should  early  learn  to  measure  tlie  characteristic  cleraents, 
or  those  showing  a  variation  in  size  in  chffcrent  plants,  as  starch 
grains,  calcium  oxalate  crystals,  diameter  of  cells,  thickness  of 
cell-walls,  etc.  The  nielliod  best  adapted  for  this  work  is  that 
involving  the  use  of  a  micrometric  scale  which  is  placed  in  the 
eye-piece  and  known  as  the  ocular  micromeler.  But  to  determine 
the  value  of  the  ocular  micrometer  it  is  necessary  to  use  another 
scale  known  as  the  stage  micrometer.  The  stage  micrometer,  as 
its  name  indicates,  is  used  on  the  stage,  and  when  placed  in  juxta- 
position to  an  object  indicates  its  size.  However,  it  is  obviously 
impracticable  always  to  place  an  object  along  side  of  the  scale, 
and  hence  in  practice  the  ocular  micronieler  is  used,  the  value 
of  the  divisions  of  wfiich  are  determined  by  comparison  with 
those  of  the  stage  micrometer  (Fig.  328).  The  value  of  the 
divisions  of  the  ocular  scale  varies  for  different  objectives,  eye- 
pieces and  tube  lengths,  hence  it  is  necessary  to  ascertain  the  value 
of  the  divisions  for  the  different  optical  combinations  and  tube 
lengths  employed.  The  stage  micrometer  is  usually  divided  into 
tenths  and  hundredths  of  a  millimeter,  and  the  millimeter  being 
ecjuivalent  to  1000  microns  (/«).  the  smaller  divisions  arc  equiva- 
lent to  10  microns  ( to  fi).  For  example,  we  may  suppose,  using 
a  low-fwwer  objective,  that  to  divisions  of  the  ocular  scale  equal 
20  of  the  smaller  divisions  of  the  stage  micronxeter.  Thus,  20 
divisions  of  the  stage  micrometer  are  equivalent  to  20  times  10  n, 
or  200  fi;  then,  since  to  divisions  of  the  ocular  scale  equal  20 
divisions  of  the  stage  micrometer,  one  division  of  the  ocular  scale 
is  equivalent  to  i/io  of  200  /i.  or  20  fi.  Or,  using  the  high-power 
objective,  we  may  sup|)ose  that  80  divisions  of  the  ocular  scale 
equal  24  divisions  of  the  stage  micrometer.  Thus,  i  division  of 
the  ocular  micrometer  is  equivalent  to  1/80  of  240  fi,  or  3  ft. 
Then,  if  an  object  has  a  diameter  covering  3  divisions  of  the 
ocular  micrometer,  its  diameter  is  equivalent  to  3  times  3  ^  (the 
value  of  one  division),  or  9  /a. 

The  MirKo-pfjLARiscoPE  is  a  useful  accessory  in  conjunction 
with   the   microscope.     It  is   useful   in  the  study  of  technical 
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products,  and  is  chiefly  applicable  in  the  examination  of  crj'stals, 
starch  grains  and  cell-walls.  A  number  of  substances,  owing  to 
certain  peculiarities  of  structure,  arc  double-refracting  or 
ANiSttTRoPif.  i.e.,  they  polarize  light.  A  large  number  of  doubly 
refracting  substances  show  a  play  of  colors,  of  which  may  be 
mentioned  the  raphides  and  the  rosette  aggregates  of  calcium 
oxalate,  cane  sugar,  citric  acid,  benzoic  acid,  caflfeine,  salicin, 
aloin,  phloroglucin,  and  the  salts  of  berberinc,  strjxhninc,  and 
atropine.  The  acicular  crystals  which  separate  in  chloral  prepara- 
tions of  gambir  also  show  a  play  of  colors.  Among  the  substances 
which  are  anisotropic  but  give  no  chromatic  eflFccts  arc  starch 
grains,  inultn.  mannit,  the  rhombohetira  in  catechu  and  the  various 
types  of  cell-walls.  All  substances  which  form  crystal-;  belonging 
to  the  isometric  system  are  isotropic  or  single- refracting,  i.e.,  do 
not  polarize  light,  as  sodium  chloride,  the  octahedra  in  gambir, 
potassium  iodide  and  chloral. 

Wlien  glass,  which  is  an  isotropic  compound,  is  heated  and 
suddenly  cooled  it  is  changed  into  an  anisotropic  body.  Micro- 
scopic glass  beads  formed  by  quickly  cooling  ven,-  thin  pieces  of 
glass  show  polarization  effects  similar  to  those  of  wheat  starch 
grains.  This  has  led  to  the  supposition  that  the  polarization 
effects  produced  by  starch  grains  are  due  to  tension  rather  than 
to  a  crystalline  structure.  But  this  point  cannot  be  de5nitely 
settled  until  it  has  been  determined  whether  any  of  the  substances 
composing  the  layers  of  the  starch  grain  are  capable  of  crys- 
tallization. 

The  MICRO-SPECTROSCOPE  is  useful  in  the  study  of  chlorophyll 
either  in  the  plant  cells  or  in  solution.  It  may  also  be  used  in  the 
study  of  the  absorption  spectra  of  other  plant  color  substances, 
but  the  study  is  attended  with  certain  difficulty. 
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Abelmoschus,  331 
Abies,  187 
Abies  baUamea,  79 
Abortive.  135 
Abrin,    300 
Abroma.   333 
Abrui,   299.   474 
Absinthe,  397 
Absinthiin,   397 
Absinthium,  396 

oil  of.  396 
Absinthol.  397 
Abuta.   274.  462 
Abutilon,  331 
Acacia.  299,  643,  653, 
667 

arlificial,  689 

Catechu,  394 

powder.  795 

Senegal,  .394 

sfMcies,   644 
Acajoa  gum,  323 
LAcanthacez,  377 
l-Acanihns  family,  377 
Accuinbent,    155 
Acer  species,  323 
Accmcca!.  ;iii3 
Accra  s.    590 
Achillea,  oil  of,  399 
Achillea  species,  399 
Achras.    359 
Achyrantlies.  afe 
Acid,  atiicnnic,  0B3 

abictinolic.  682 

alantolic,  399   • 

anisic.  565 

anthemic,  555 

arable,  644.  653 

artanthic,  617 

atirantiaiTiaric,  593 

benzoic,  662,  673 

bulvric,  300,  319 

caffeic.  521 

caffeotannic,  521 

calumbic,   460 

cambogif,   648 
car>'OphylIinic,  549 
cntechuLinnic.  666 
cathartic,  610 
cetrsric,  690 


Acid,  chrysophanic, 
476,  5''5,  609 

cinchutannic,  531 

cinnamic,  673 

citric.  594 

cubebic,  571 

dextropiniaric,  670 

digatlic,  646 

clateric,  3*^ 

cllagic,  530 

embclic,  574 

crgotinic,  692 

eriodictyonic,  613 

eucalyptic,  600 

cuonic,  532 

ferulaic,  672,  675 

filicic,  687 

filixtannic,  687 

irangiilic,  333 

gallic,  647 

gelMmic,  483         • 

gentiotanntc,  485 

gentisic,  484 

glycolHc,  3^ 

guaiacic,  669 

guaiacinic.  669 

guaiaconic,  66g 

guaiarciic,  669 

gunmiic,  644,  653 

hederic,  350 

hydrocyanic.  537 

ipecaciianhic,  409 

isobniyric.  557 

isovalerianic,  505 

jer\'ic,  494 

kinic,  520 

kombic.  431 

kramcric,  455 

lactucic,  649 

larvnpimaric.  670 

lichenostcaric.   6qo 

lupamaric  5^3.  594 

tupulic,    594 

maiztnic.  558.  6Q3 

meconic.  660 

ophelic.   638 
pec  tic,  288 
pcctosic.   288 
phyllic,  539         ^      ^_ 
phytolaccic,  460,  4w 

52 


Acid,  pimaric  68t 

pinitannic.  684 

pipitzabuic.  400 

podophyllic.  508 

polygalic,  45O 

protocatcchuic,  543 

pyrcthric,  456 

qucrcnannic,  543 

qutllajic,  541 

re!<inoIic,  654 

rhcuinic,  476 

santalic,  ^7 

scamniuntc.  657 

aclerotic,  602,  693 

sitiapic,  428 

stnapine  sulphate, 
438 

sphacelinic,   692 

syringie,  525 

tannic,  6^ 

tartaric,  594 

valerianic.  $27 

viburnic.  527 
Acid-resins,  654 
Acids,  fruit-,  288 
Aconite.   477 

Indian.   48a 

Japanese.  479 

leaves.  480 
Aconitinc,  477 
Aconituni,  477 
Napellus,  a68 
powder.  77* 
species,  479.  480 
Acorin.  496 

Acrinyl    sulphocyanidc. 
428 

Acltca.  272  , .         , 
Aclinomorphic,  130 

Acuminate,  ti3 
Acute.  112 
Adaosonta.  .I3t.  332 
Adder's  tongue  family. 

Adhatoda.  378 
Adhesion,  I34 
Adiantiii".  S».  03.  ^ 
AfUumia.  282 
Adnate.  1 28 
Adnalion.  i34 
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^^H             Bclulaccae,    252 

Boncsel.  (126 

Bryophytes,  45                          ^^^| 

^H             Bhang,  25S.  635 

climbing.  390 

economic  iisctt,  55                ^^^| 

^^B              Bichy,  4.15 

purple,  626 

Buchania,  iz2                         ^^^M 

^^H              Ricuculla,  282 

Borage  family,  367 

Buchu,  602                                ^^^1 

^^H              Bidcns,  155 

Boraginace:e.  367 

Karoo.  603                          ^^^| 

^^H             Bifacial  leaves,  107 

Border.   130 

powder,   719                           ^^H 

^^^H             Higanidiu  oil,  307 

Bork,  512 

Bucitli,  348                                 ^^H 

^^H             BiiTnoniaccx,  377 

Borneol,  279.   50S 

Buckeye  family,  324                ^^^M 

^^H              Bilabiate,    130 

Bornyl  valerate,  505 

red.  324                                  ^^M 

^^H             BiK-itcr.-il  leaves,  108 

Boswcllia.  3ti 

Buckthorn,  alder,                     ^^^1 

^^^H             Itjlhcrrics,  357 

Botrj'chium,  62.  63.  120 

326.  5<3l                               ^H 

^^H             Bind  weed,  great,  366 

Bougainvlllca.   132,  265 

berries,   525                         ^^H 

^^H             Birch,  jsa 

Bouncing   bet,  267 

family,  326                             ^^^H 

^^H                iamily.  253 

Box  tree.  319 

Buckwheat.  263,  264                ^^H 

^^H                sweel,  252 

family,  319 

family,  262                          ^^^| 

^^H                 while.  679 

Box  wood,  46t 

791                               ^^^1 

^^M             Bird  foo<l.  378 

Boxes,  cigar,  313 

flower,   141                             ^^^M 

^^H             Hird-litne,  259,  32a 

Brabeium,  258 

hulls,  770                               ^^H 

^^H             Birthwort  family,  260 

Bracts.   131 

Budding,  yeast,  23                   ^^^| 

^^H             Bisabol,  675 

structure  of,  211 

Buds,  100                                   ^^^1 

^^H               Bissy-lij^sy  nut,  435 

Brandy,    32S 

Buffalo  berry,  344                  ^^^| 

^^H             Bistorta,  264 

Bra-isica,  2S3,  284 

Bulbs.  106                               ^^M 

^^H             Bitter  principles,  358, 

nigra,  283,  743 

Bundle,    fibrovascular,           ^^^| 

^^H                     31-2.  3^-  340.  300 

species. 

^^H 

^^H             Bittersweet,    climbing, 

429.  742.  743i  744 

Burdock.   153,  394,  465          ^^H 

^^1                    333 

Bratineria.  400 
Brayera,  556 

Burscra,  311,  312                     ^^^| 

^H             Bixa.  338 

Btirscracr;r.  3to                          ^^^| 

^^H              Bixacez.  3:!i^ 

Braycrin,  557 

Bursine,  284                              ^^^| 

^^M             Black  cohosh.  36S 

Brnzil-nut,  172.  345 

Bush,  burning,  323                   ^^^| 

^^H                 haw,  382,  525 

shells,  756 

Butca.  656                                  ^^H 

^^H                 mustard,  439 

Bread,  bitter.  386 

Butter,  cacao.  332                   ^^H 

^^M                    flour.  743 

Indian.  34 

Cay-Cay.  310                       ^^M 

^^^H                     gruiiufl.  743 

St.  Johns,  300 

shea.  358                             ^^H 

^^H                 snakeroot.  268 

Bread-fruit,  257 

tree.  436                              ^^H 

^^H             Blackberries  531 

Brcad-sionc.  15 

vegetable,  358                        ^^M 

^^H             Blacklkcrrv.  high  bush. 

Bridrlta,  317 

Butter',nnd-cgg5.  376                 ^^^| 

^H              288 

Brier,  wild,  389 

Buttercup,  271                           ^^^1 

^H                 low.    288 

Bronieliacear,  235 

Buttercup  flower.  133             ^^^1 

^^H                  sand,  288 

Broom,  637 

Butternut,  ;^57                             ^^H 

^^H             Bladders,   13 

com,  2S0,  790 

powder.  751                              ^^^H 

^^H            Blade,  leaf,  106,  130 

green,  294 

Button  bui^h.  382                     ^^H 

^^m             Blights  20 

Scutch.  294 

Huttonti,  31,  231                      ^^^M 

^^H              Blinding  tree,  317 

Spanish,  637 

Buxacex.  319                            ^^^| 

^^H              Bloodroot,  280,  508 

Brooms,  230 

Buxine,  461                                ^^^| 

^^H             Blue  flag,  240 

Brownish   powders, 

Buxus,  279,  319.  461                ^^H 

^^H             Blueberries,  357 

key,  707 

Bytteria.  546                             ^^^M 

^H             Bluets  378 

Brucamarine,  310 

^^^H 

^^^1             Boccunia.  282 

Bnicea.  310 

CablKige.  284                          ^^H 

^^^H             B<i;hnieria, 

Brucine,  437 

Cacao  butter,  333                     ^^^| 

^H                     188,  257.  258 

Brnguiera,  346 

substitute.  331                  ^^^1 

^^H             Bcerhavia,  265 

Bryunia,  387 

powiler,  767                           ^^^H 

^^H             Eolimer's  hxniatoicy. 

powder,  793 

<iubsiiiute$,  333                     ^^^1 

^^^B                    lin  sohiiion.  806 

species,  3iB7 

Cacao-red,  .^32                        ^^H 

^^H             Rolarho.  667 

tendrils,   I02 

Cactaccjr,  342                                  ^| 

^^^^             BoiTiI>acc«,  331 

Bryonidin.  387 

Cacti,  342,  410                                 H 
Cactus  family,  342                       H 

W                   Bonihax,  284 

Bryonin,  ^7 
Bryony,  387 

^^^^^^         species,  331 

Cadincnc,  679                             ^^H 

^^^H^                ^^^p 

INDEX. 

^H 

^^^^^1          Caducous,  131 

Cainbogia,  648 

Carapa,  313                       ^^^| 

^^^^^H          Cse^nlpinu,  joo 

powder,  749 

Caraway,  565                      ^^^| 
black,  567                         ^^H 

^^^^^H           Cxsalpinia  bi>cci«s.  547 

Camcltna  sativa,  745 

^^^^^H            Ca[;!>alpiniuidcx.   292 

Camellia  leaves,  335 

jx^wder,  772                      ^^H 

^^^^^1           Caffeine, 

powder,  717 

Carliohyd  rates,    161-16R           H 

^^^^^H          Cake-meal.  427 

CampanuIaccEe,  388 
Catnpamilaix,  386 

{drugs),  640                     H 

^^^^^H           Calabar  bean.  43^ 

CarlKin,  3                                    ■ 

^^^^^^1           Calabarinv,  439 

Carapanulaie.   131 

Carboniferous  age,  68            ^M 

^^^^^^1          Calamitcs,  6(> 

Campbor.  279 

Cardamom,  581                          ^M 

^^^^^H           Calamus, 

Borneo,  337 

Ceylun,  582                             H 

^^^^B                   185.  Ji2,  2ii,  40 

Canjphora,  powder,  795 

Cardamoms,  bastard,              H 

^^^^^H              powder,  760 

Caniptosorus,  62 

582                                    ■ 

^^^^^H           Calcaratc. 

Campy  lot  roptius.  1j6 

Cardamomum.  581              ^^H 

^^^^^^H           Calcii  carbunas  prsecip' 

Canada  balsam.  681 

powder,  731                      ^^^P 

^^^^^H              itatus,  796 

Canadine,   500 

Cardinal  (lower,  3S8          ^^^^ 

^^^^^^1              phosphai    prxcipi- 

Canaflinic   resin.  6St 

Cardol,   319                         ^^H 

^^^^^1                             797 

Caiiadinalic  resin,  681 

Carex,                                   ^^^^ 

^^^^^H               sulphas,  797 

CanatUilic  resin,  681 

Carcya.  345                          ^^1 

^^^^^H                            4 

Canadoresene,  681 

Carica.  277.  341                  ^^H 

^^^^^H              carbonate. 

Canaigrc,  264.  647 

Caricacex,  341                    ^^^H 

^^^^^H                   drugs  containing. 

Cananga,    277 

Carina,  248                        ^^^| 

^^^^^H 

Canarium.  ,110,  311 

Carnation.  267                    ^^^| 

^^^^^H               oxalate. 

Canary  ^rass,  124 

Camautia-wax,  233            ^^^^| 

^^^^^^H                   drugs  containing, 

Canavaha.  439 

Carnivorous  plants,         ^^^| 

^^^H 

Cancer  root.  413 

119                              ^^M 

^^^^^^H                   drugs  williout,  701 

Candles,  night,  349 

Carob  bean,  7(16                ^^^H 

^^^^^^H 

Cane  sugar,  227 

Caroba.  377                        ^^H 

^^^^^H                       taken 

Canclla  bark,  MO 

Carobinc,  377                     ^^^H 

^^^^^B           Calendula,  jgo,  555 

powder,  754 

Carpaine,  341                     ^^^| 

^^^^^H                officinalis,   394 

Canellacex.  339 

Carpel.  ?i                         ^^H 

^^^^^H                powder,  740 

Canna  species,  244 

CarpeLs,  122                        ^^^1 

^^^^^H           Calendulin,  555 

starch,  789 

Carpinu.s,   232                       ^^^H 

^^^^^^B            Cali»aya  bark,  519 

Cannabin,  636 

Carpophore.   149                ^^^H 

^^^^^H                                2J4 

Caniiabindon,  636 

Carposid,  341                     ^^^| 

^^^^1                       '33 

Cannabinene,  637 
Cannabinol,  630 

Carrageenin,  689                ^^^H 

^^^^^^1               stamen,  127 

Carragheen,  687                 ^^^H 

^^^^^H           Calligonum, 

Cannabis  indica.  635 

Carrot,                                 ^^^| 

^^^^^B            Calli^ia.  235 

powder,  714 

family,                                ^^^1 

^^^^P            Catlilri).,  81 

sativa.   255,  330 

Carthamin,  397                   ^^^1 

^^^^^F           Calluna,  601 

Can ni bene,  636 

Carthamus,  390,  Xff        ^^H 

^^^^^^           Callus,  191 

Cantaloupe.  388 

Carnm,  565                         ^^^H 

^^^^^K            Cafophyllum  species. 

Canth,irelhis.  30 

Ajowan,  354                   ^^^1 

^^^^m 

Cantharidin,  344 

Carvi.                               ^^H 

^^^^^m           Caliha. 

Caoulchouc,  316,  667 

powder,  772                   ^^^H 

^^^^H 

Caper,  s-purge,  315 

Canincle.  15s                     ^^^| 

^^^^^H            Calihrup  family,  303 

wild,  ^^15 

Can-acrol,  370,  37^           ^^H 

^^^^^H           Calumba, 

Caprifohacex,  382 

Carven,  567                       ^^^H 

^^^^^^H                 adulter.nnts.  460 

Capsacutin.   580 
Capsaicin,  5H0 

Carvol,  567                        ^^^H 

^^^^^F 

Carvime,  567.  632            ^^H 

^^^^^H                 substitutes,  460 

CapsolL-v.  8R,  284 

Caryophyllaccsp,  267         ^^^H 

^^^^Bp             Cab*ptra.  48 

Capsicum.  578 
powder.  782 

Caryophylleuc,  549           ^^^M 

^^^Hk              Catyptrogen,  196 

Car>-iiphyllin,  549              ^^^| 

^^^■^               Calyx,  IJ9 

species,  375 

Caryuphyllus.  549               ^^^H 

^^^H                      duration,    131 

standard.  580 

powder,  772                     ^^^| 

^^^H                      structure.  Jii 

Capsule,   147 

Caryopsis.  joa                  ^^^| 

^^^^P                  Camas,  death,  49> 

Caro^ana.  474 

Cascara  amarga,  54G             ^M 

1 

^^            Cambium.  199,  »i 

Caraipa,  335 

sagrada,  523                   ^^H 

^^H 

INDEX. 

823           ^1 

^^H           Cascara  sagrada. 

Cell  •con  tents.  156 

Champagne,  328                      ^^^| 

^^H                   powder.  759 

examination,   180 

Chanterelle,  30                          ^^^| 

^^^B             Ca^ciirilU   tiark,  316 

non-protnpl.ismic. 

Charas.  635                              ^^H 

^^H           Cascariltin,  316 

r6i 

Charcoal,  250                            ^^^H 

784                            ^^^1 

^^H            Ca<.cartn,  525 

protoplasmic,  156 

^^H            Casearia.  84/0 

diviiiion,  5,  9 

Charlock.  284                          ^^^| 

^^H           Cashew  nut,  319 

fission.  5 

seeds.  743                             ^^H 

^^H           Ca5:>ava.  789 

mother.  6 

Chautmugra  oil,  339               ^^^| 

^^m                bitter.  789 

wall.   181 

Chavica,    574                           ^^^| 

^^H               sweet.  78Q 

CelU,  fieaker,  573 

Chavicin,   5^3                               ^^^| 

^^H           Ca$>>ia,  ^ 

canal,  58 

Chavicol.  565                           ^^^| 

^^m                Batavta,  516 

ciiiiduL-linK,  188 

371                           ^^^H 

^^K                 buds,  517 

[or  ins.  184 

Cliekcn.  347                             ^^^1 

^^^B                   powtlcr,  761 

guard,   193 

CheterytLirinc.  2B1.  508           ^^H 

^^H                Canton, 

helping.  9S 

Chetidonine,  30S                         ^^^H 

^^H                fagot,  516 

kinds,   196 

Chelidonjuin,  281                       ^^^| 

^^H                6Mula,   585 

mechanical,  186 

powder,  731                            ^^^| 
Chelidoxanlhin,  281                   ^^^| 

^^H                I'lRnea,  317 

I>a1isadc,  211 

^^H                purging,  585 

protecting,   192 

Chclone,  376                               ^^H 

^^H                species. 

rcsiinp.  11 

Chenopodiaccx.  264                  ^^H 

^^M                   292,  393.  610,  767 

secretion,  197 

Cbcno[)Oclialt.'S,  264                     ^^^H 

^^H           Castanca.  254.  646 

la  petal,  84 

Chcnopodium,   264                    ^^^M 

^^H               powder,  730,  721 

Cellulose  walls.  183 

powder,                                   ^^^| 

^^H             CastiMoa,  668 

Cclnsta,   265 

species.  2tt4,  265                      ^^^M 

^^H             Castcir-oil,  124 

Centaury,  362 
Central  cylinder.  199 

Cherry,  288                              ^H 

^^H                plant.   Ill,  314 

choke,  287                            ^^H 

^^H             Catabolisni,  222 

Ceiurilugal,   [84 

133                           ^^H 

^^H             Catalpa,  377 

Centripetal,    1S4 

539                            ^^H 

^^H            Calalptn.  377 

Ccntroi-permae,  264 
Centrosphercs,   158 

leaves,  powder,  717               ^^^H 

^^H             Cntfchin,  662.  6A6 

wild  black,  287,  537              ^^H 

^^H            Catechol,  655 
^^H            Catechu,  662,  666 

Century  plant.  240,  330 

Chestnut,  horse,  324              ^^^| 

CephacHiie,  469 

leaves,  powder.                      ^^^| 

^^H                powder,  782 

Ccphaelis  Ipecacuanha, 

720,  731                             ^^H 

^^^B            Catkins.  250 

379 
Cephaiamhin,  382 

water,  350                               ^^^1 

^^H             Catnep.   113.  372 

^^H 

^^H            Cattle  poisons,  357 
^^H            Caulophyllum  thalic* 

Ccphalanthus,  382 

Chestnuts,  254                         ^^H 

CephaLiria,  386 

substitute,  328                       ^^H 

^^H                    troides.  273 

Ceramlum,  16 

Chicle,  gum.  358                     ^^H 

^^H            Cavanillesia,  332 

Ccratonia,  300.  7^ 

Chicory,  401                               ^^^| 

^^^B           Ceanothus  specie5.  326 

Ceralopteris,  63 

powder,  779                         ^^^| 

^^H            Cedar,  baatanl.  303 

Cereals.  227 

Chillies  579                               ^^H 
Chimajihila,  603,   720                ^^^| 

^^H                can)plK>r,  683 

Ccrcusi.  nig  hi -bloom- 

^^H               prickly,  679 

ing,  34-2 

species.  355                             ^^H 

^^M                red.  79.  683 

Ceridinc,  24 

Chimaphilin,  604                       ^^^H 

^^H            Cedar-wood  oil.  313 

Cerin,  194 

China                                          ^^^1 

^^H             Ccdrcla.  31.1 

Cetraria.    40.    41,    689 

Cbin(|uapin.  tio.  254                ^^^H 

^^H            Cedrenc.  6S3 

Cetrarin.  690 

Chiunanthin,  360                       ^^^| 

^H            Cedrol,  6S3 

Ccvadillinc.  495 

Chionanthus,  360                     ^^H 

^^H            Cedronin,  310 

Cevadine.  494 

Cbirata.  637                             ^^H 

^^H            Celandine,  281 

Chaff.  220 

powder.  747                            ^^^| 

^^H            Cela>tracex.  323 

Chaia  resin.  338 
Chaka/J-i-coiwI.  299 

Chiratogenin,  638                      ^^^| 

^^H            Celaslrus  scandcns, 

Chirclta.  6.^                              ^^H 

^^1                   3ZJ-  726 

Chamomile,   English, 

Chitin.  17                                    ^^H 

^^H               species.  323 

554 

Chives.  239                                     ^H 

^^H             Celery. 

German.  394,  553 

Chloral  iodine  solution,             ^^H 

^^H            Cell,  apical,  199 

Roman.  393.  554 

^M 

^^^^^        cavity,  186 

wild,  553 

Chlorococcum,  39                    ^^^| 

^^M 

INDEX. 

8^5    ■ 

^^^^          Coffee  powder,  765 

Coloring  principles,  red 

Connivcnt,  392                  ^H 

^^^^L            ri:>ai>tii)K,  381 

546,  547.  558 

Conquinamine,  520              ^^M 

^^^^1             sacca-,   765 

yellow.    160.  253, 

CbnsDiidin,  3O7                    ^^B 

^^^H            }.iibsti lutes,  331,  765 

254.   257,   258,   262, 

Contorta;,  3bo                      ^^M 

^^^^P             bullan,   705 

281.    2Q^.    317.    3-*^ 

Convallamarin,  490            ^^H 

^^^             wild,   347.   J85 

3-28.   -«5.   3.#.   341, 

Convallarta,  488          ^^^^H 

^V              Coffce-iree.    Kentucky, 

34.1,    .144.    340.    381, 

238              ^^^^H 

^1                      .299 

382,    483.    484.    498, 

^^^^H 

^M                Coffeol.  381 
^■^           Cohosh,  l)lack,  497 

5^5.    543.    555.    558 

Convallarin,  ^tjo          ^^^^H 

<»ce  bIki  tanninj 

Convolute.                     |^^^^| 

^^^L                       273 

Colors,  cell-sap,  169 

Convolvulacea:.   365     ^^^H 

^^H         Cola.  435 

white.  17* 

Convolvultn,  452                  ^^M 

^^^^H             acuminata,  333 

Coltsfoot,  390.  400 

Convolvulus  species,         ^^| 

^^^H           family,  332 

Colubrina,  326 

366                               H 

^^^■^             species,  436 

Columbaniinc.  460 

Copait>a.  296,  J99,  3t7        ^H 

Lan^sdorflii,  296             ^^M 

^H                   staminate,  436 

Cidumhinc  stamen,  127 

^H                f  olchiccine,  510 

Cohimb*^,  459 

.species,  297                      ^^M 

^H                Colchtci  cornius,  510 

American,  4O0,  486 

sub<ilitule,  337,  440          ^H 

^H                      powder,  771 
^H                Colcnici  K«men,  426 

Columelia   stamen.   127 

Copal.  Inhaml^nc.  299        ^H 

Columella.  2Z,  49 

resins.  299                    ^H 

^H                        powder,  771 

Column   (in  orchids), 

Copalcht  bark.  316             ^H 

^H                Colchicine.  426.  510 

•«45 

Copalchin,  316                     ^H 

^H                  Colrhicnrciitl,  4^ 

Colutea,  610 

Copal-like  rc<;ins.  311         ^^1 

^^^^_          Colchiciim  auiumnale. 

Conibretaceie,  348 

Copemicta,  232                     ^^M 

^^m 

Condirctum,  348 

Copper  acetate  solu-        ^^M 

^^^^F             corm, 

Comfrey.  367 

lion.  80S                            ^H 

^                       powder,  771 

Conimelina.  235 

Coptic.  483.  50t                  ^H 

^H               Colchiciim  »ed,  426 

Ciinimelinaceae.   235 

Corchorus,  329^  330     ^^^^| 

^H                        powder,  771 

Commiphora,  jio.  311 

Coriaceous.                      ^^^^H 

^H                Coleoptera.  420 
^H                Cotteciion  of  drugs, 

species.  675 

Curiamyrtin,  318         ^^^^H 

Compass   plant.  400 

Coriander,  56a            ^^^^H 

■                        406 

Complete  tlowcr.  136 

^^^^^H 

^m               Collenchyma.   186 

Composita;.  390,  392 

ConandrnI,  563           ^^^^H 

^H                Colletia.  326 

Comntonin,  251 
Conducting  cells,  188 

Coriandruni,  562          ^^^^^| 

^H                Coltctin.  326 

^^^^H 

^H                ColliRuaya.  317 

parenchyma,  185 

^^^^H 

^H                Colloid  m  starch,  164 

Conduplicatc,  121,  155 

Cnriaraceae,  318           ^^^^H 

^H                Colloidal  suhsunces, 

Condurango,  365 

Curtaria,  318                 ^^^^| 

■                        161 

C^nc,    150 

Cork  cells,  194            ^^^^| 

^H                Colocynth.  sBi.  743 

Confluent.   128 

Corm,  106                    ^^^^H 

^H               Cnlucyiilheiii,  583 

Conhydrinc,   ^67 

Corn,  227                      ^^^^H 

^^^^_          Colocynthin.  ^3 

Coniccine.  56^ 

bran,  790                   ^^^^H 

^^^H          Coloc>'nihis,   583 

Conidia,  17,  34 

cocltle  seed,  218              ^^H 

^^^^K              powder,  743 

Conifernr   <dnigs),  €82 

meal,  790                          ^^M 

^               Cnlocvnthitin,  585 

economic  uses,  78 

meal  moth.  420              ^^M 

^H               Colop)iony,  653,  750 

Con  line,  ^7 
Conium.  S07 

plant,  228                    ^^^^1 

^H               Coloring  principles. 

(rofit  tin).  93            ^^^H 

silk,  558             ^^H 

^H                        351.  349 

^^^H                 black,  318.  .^8,  349 

herb.  568 

maculaium,  352 

powder,  783           ^^^^H 

^^^B                 blue.  284.  298,  3t7, 

pi>wder.  719 

smut,  693                   ^^^^1 

^^B                328.  331 

test.  740 

squirrel,  282             ^^^^H 

^^^^B               RTeen.  15Q.  252 

Conjugation,  11 

Cornacex,                      ^^^^H 

^^^^B                purplish-red,  350 

Connaie-perfniiate, 

Cnrniciilaria,  Ago          ^^^^H 

^^^^H 

114 

Corns,  kinds.  229                 ^^m 

^^^H               red.  254,   2fi8,  275, 
^^^H               a8o.   285,   310.   326. 

Connective.  127 

Com-!ulad,    Huropean,       ^| 

fornix.  1 28 

385                                ■ 

^^^L^         334.   344.   349.  381. 

Connigellin.  567 

Camus,  355                  ^^^H 

^^^^^8a6         ^^^^ 

^           INDEX. 

^H 

^^^^^H         Cornutine,  6gi 

Crinuin,  240 

Curarine,  362                     ^^^| 

^^^^^H          Corolla,  12Q 

Crocin,  241 

Curatella,  334                      ^^H 

^^^^^H 

resembling,  382 

Curcab,  315                         ^^^1 

^^^^^^H 

Crocus,  powder.  746 

Curcuma.  244.  738              ^^^| 

^^^^^^H          Corona  in  passion 

sativum,  241 

powder,  734                     ^^H 

^^^^^H 

Crotalaria,  299,  300 

Curcumin.  244                    ^^^H 

^^^^^H          Coronillu,  jtoo,  637 

Croton  seeds.  314 

Curing  of  drug»,                ^^^| 

^^^^^H          Coronillin, 

specie^,  316,  317 
Tiglium,  314 

406,  421,  422  ^^^1 
Currant,  buflalo.  286          ^^^| 

^^^^^1          Cortex.  199 

^^^^^^H              secondary.  302 

Croup,  285 

fetid,  j80                          ^^M 

^^^^^^B          Corydatine,  282 

Crowfoot  family,  268 

like,  344  ^^H 
Currants,  i96                    ^^H 

^^^^^H          Coryius, 

Crucifer*.    283 

^^^^^H          Corymb,  138 

Cryptocarya.  440 

Cuiicuia,  367                        ^^^1 

^^^^^^1          Co»ciniitn,  46a 

CrjptiK-rystailine,   172 

Cusitnria,  30S                        ^^^| 

^^^^H 

Cryiiiupine,  060 

Cuspidate.                            ^^^| 

^^^^^H          Cosoioxin. 

Crystal  fibers,  172 

Cusso,  556                            ^^^1 

^^^^^B          Coto  bark,  280 

Crystalline    subsunces. 

adulterants,  557               ^^^| 

^^^^^H          Cotoncaster,  287 

167 

loose.  557                        ^^H 

^^^^^1          Cotton.  329,  330 

Crystalloidal  sub- 

powder, 774                    ^^^| 

^^^^^^H              adnlterants,  441 

stances,  161 

Cu-ttard  apple,  277               ^^^H 

^^^^^H 

CrystaU.  cryptocrystal- 

family,  276                  ^^^| 

^^^^^^H               puri6r(J,  440 

line.   172 

Cutin,  192                             ^^^1 

^^^^^H 

membrane,  172 

Cutting,  404.  405                  ^^^1 

^^^^^H            varieties.  440 
^^^^^H          Cotton-riKil  bark.  527 

Cubeb,  adulterants.  57 1 

Cyanophycex,  8                   ^^^H 

camphor,  571 

Cyca>  rc%-o1uLa,  789            ^^^| 

^^^^^H                 powder,  751 
^^^^^B         Cotyledons.  88,  154 

false.  571 

Cydonia  flower,  14!           ^^^| 

substitutes.  571 

vulgaris,  aflR                          ^M 

^^^^^1          Couch  Kra.<s,  227,  490 

Ctibeba,  569 

Cydoniuni,  powder.  745     ^^H 

^^^^^H          Coiimarin, 

powder,  776 

Cyme,  138                            ^^^| 

^^^^B                  230.  377,  589 

Cubebin.  571 

compound,  138                ^^^| 

^^^^^H 

Cucumber,  squirting, 

Cynara.  402                         ^^^| 

^^^^^H              occttrrence.  590 

387 

Cyni>g|nssine,  367                ^^^H 

^^^^^H          Coumarouna  species, 

tree,  275 

Cynoglossnm,  3^              ^^^H 

^^B 

sour,  332 

Cynomorium,  259                ^^^| 

^^^^^H          Couroupita.  345 

Cucumis  species,  388 

Cyperaccie,  230                *  ^^^H 

^^^^^H          Covillea,  304 

Cucurhita.  185 

Cyperu5,  23I                           ^^^| 

^^^^^H         Cowhage.  300 

Pepo,  387 

Cypripedium,  490               ^^^| 

^^^^^H          Cranberry, 

specie*,  430 

powder,  763                     ^^^H 

^^^^^H                     601 

Cucurbitacr.**,  386 

species.  245                      ^^^H 

^^^^^^B           Cranrsbill, 

Cudbear.  43 

CystoHlhs.  174                    ^^^1 

Cudrania,  257 

Cyttsine,  299                      ^^^H 

^^^^^H          Crassnlacere.  285 

Culms,  225 

Cyiisiix.  610                        ^^^H 

^^^^^^         Cratae^s,  292 

Cultivated  medicinal 

Scoiarius.  294                 ^^^H 

^^^^^^B           Cratenfnrm. 

plants,  407 
Cultivati(*n    of    medic- 

Cyiop asm,  2,  157              ^^^| 

^^^^^B          Cratnxylum. 

^^^H 

^^^^^H          Cream -of- tar  ur  tree. 

inal  plants,  403 

Daisy.  401                          ^^H 

^^^^H 

Culver's  root,  37(^>  479 

Damasccnin,    567               ^^^1 

^^^^^H           Crerper.    Virginia,   328 

Cumin  aldehyde.  683 

Daiiiiana,  340                      ^^^H 

^^^^^B         Cremocarp. 

Cuminum.  354 

Daiutanin,  340                     ^^^| 

^^^^^^H 

Cunealc.  113 

Dammar,  black,  311                 ^M 

^^^^^H          C^e<>^r>te.  254,  678 

CuniU,  372 

Dandelion.  390,392,458     ^^M 

^^^^^H                         304 

Cuphca,  344 

Daphne.  343                         ^^H 

^^^^H          Cresol,  678 

Cups,  (|ua55i:i,  544 

Daphnin.  ^^                       ^^H 

^^^^^H          Cre5>9.  Indian,  302 

Cupule,   150 

Da|ibnop»is,  537                   ^^^| 

^^^^^H 

Cupules  52 

Da-iya,  13                           ^^H 

^^^^^H                         383 

Curanga,  377 

Date-palm.  S31,  233          ^^H 

^^^^^H          Creta  prscparata,  796 

Curare,  274,  362 

Datisca,  341                       ^^H 

^^1 

1^       INDEX. 

827     ^H 

^^H            Dattscaccir,  341 

Digitalis  purpurea.  376 

Droseras,  2S5                          ^^^| 

^^H           DaltMrin,  J41 

species,  616 

Drug  specimen  case,              ^^H 

^^H             Daiura  species. 

substitute.  342.  344 

424                                     ^^1 

^^H                    619.  6m 

DigilaKismin,  61 S 

Drugs,  collecUon  of,                ^^H 

^^H               Stramonium.  372 

Digilin,  616 

^^H 

^^H            Daiurinc,   624 

Digiionin,  6t6 

collections.  424                      ^^^H 

^^H            Daucus,  i^4 

DtKttoxin,  616 
DiUenia.  334 

crude,                                       ^^^H 

^^H            Debregcasia.  258 

form^  of,  420                         ^^^1 

^^H            Deciduous.  131 

Dilleniacese.  334 

moldy.  422                              ^^^H 

^^H           Deer  berry.  138 

Dicccious,  48,   136 

prc»rvatir>n.  419,  422            ^^^| 

^^H           Dehiscence.  147 

Dioncea,  285 

pressed.  431                             ^^^| 

^^^m               circumci<isi1e,  148 

Dioscorea.  240,  789 

quality.  4-21                            ^^H 

^^H                loculicidal,  148 

Dioscoreacex,  240 

storing,  4T9                             ^^^1 

^^^^                mar^nicidat,  147 

Diosma.  603 

time  of  collecting,               ^^^| 

^^H                .scpticictal.  147 

Diospyros    species.   359 

418,  42t                                   ^^H 

^^^1                 <icptifrHgal,   14H 

Diphtheria.  285 

valuation,   423                          ^^^H 

^^H           Dehydrating  agents. 
^H                 801 

Diplocncci,  44 

Drupe.   149                              ^^^1 

Dipsacacew.  385 

^^H 

^^H            Delafield's    hsematoxy- 

DipMciis.  386 

fleshy.    149                                 ^^^H 

^^H                  Ion  solution.  806 

Diptcra.  420 

Dr>'ot>alanops,  337                   ^^^| 

^^H            Dclphinine,  428 

Diptcrocarpacea.  337 

Dryopteris.  57                            ^^^| 

^^^1             Deliihiniuin    cnnsoltda. 

Diplcrocarpns,  337 

Duboi.'^ia,  619                             ^^^| 

^^B 

Pirra,  343.  344 

Duboisia  species,  620              ^^^| 

^^^H                po«'<lcr,   777 
^^H                Slaphisagria,  270 

Discaria.  326 

Duckweed    family,    233            ^^^| 

Discoid.  391 

Ducts,  181^.  190                           ^^H 

^^H            Delphlnoidine.  428 

DisNepimcnis,  124 

forms  of,  190                         ^^^1 

^^H           Delphisine,  428 

false,  125 

Dulcamara,  373                          ^^^| 
powder.  7^                               ^^^H 

^^H            Dentate,  114 

Dissoiis,  349 

^^H           Den'  corns,  230 

Dittany,    American, 

substitutes,  726                     ^^H 

^^H           Dermatogen,  ig8 

.172 

Dtdce,  16                                  ^^H 

^^^1             Derrifi,  299 

Divergence.  iiS 

Dttlcitol,  16$,  532                       ^^H 

^^H           Desmodium,  117 

Divided.  114 

Durvillxa.  16                              ^^^| 

^^^B            Development,   arrested, 

Doasvinsia,  36 

Dutchman's    breeches.              ^^^| 

^H 

Dock,  curled.  263 

3B2                           ^H 

^^H           Devonian  age,  68 

Dndder.  367 

Dye.    black,    318.    348,           ^H 

^^H            Dextrin,  165,  784 

Di'glanc  family.  363 
spreading.  363 

349                                        ^^1 
Dyer  s  broom,  299                     ^^^1 

^^H           Dextrin-starch.   367 
^^H           Dcxtro-glucose,  167 

Dojf's  tongue,  590 

Dyes,  341                                     ^^H 

^^^m            Dextri}1ichenin,  Oi/o 

Dogwood    family.    355 

Dysoxylum.  313                         ^^H 

^^H           Dextrose,   167 

flowering,  355 

^^^H 

^^H           Dianthus,  267 

jariiaica,  299 

Earth,  edihtc,  15                         ^^H 

^^^B            Diastase.  57G 

Doona.    338 

Eau  d'ange.  347                       ^^H 
de  Creole,  337                      ^^H 

^^H           Diastases,  179 

Dorema,  35A 
Dorsiventral,  51 

^^H           Diatoms, 

Ebcnaccar.  350                           ^^^| 

^^H            Dicotyledons,  84,  247 

flowers.  137 

Ebenalcs,  3^8                              ^^H 

^^^H               venation  in.  no 

leaves.  107 

Ebony  family.  359                     ^^^| 

^^H            Diciyoptcris,  16 
^^H            Dlcypellium,  279,  517 

Dracaena,  2^ 

kinds  of,  359                        ^^^1 

Dracontomelum,  322 

Ecballin.  387                               ^^H 

^^H           Didynamous,  12Q 

Dragon  tree.  238 

Ecballium  Elatcrtum,                ^^^| 

^^H            Dicrvilla.  38s 

Dragon's  blood. 

^H 

^^^P            Digitatein.  616 

232.  238.  317 

Ecbolinc,  692                               ^^^B 

^^H            DiRitalin,  616 

.\nierican.  656 

EcKoninc,  605,  607                          ^M 
Echinacea,  400                                  H 

^^H           DLgitalinum  verum, 

Dried    material. 

^H                  616 

sectioning.  812 

Echinate,  210                                 H 

^^H           Digitalis,  6t3,   728 

Drimys.  275 

Fchinocarpus.  32S                      ^^^| 

^^H               adulterants,  727 

Drosera  species,  119 

Ecology.  I                                ^^^1 

^^^L             powder.  727 

Droseracex,  284 

Economic  plants,  40S              ^^H 

^^1 

INDEX. 

^^^p      829  ^M 

^^^H         Fabiana. 

Fig-tree,  mulberry,  590 

Fontinalts,  55                    ^^M 

^              Fagaccie,  252 

Fignort  family,  376 

Food  of  plants.  219           ^^B 

^^K^           Fagales,  252 

Filament,    12G 

Foods,  226,  231.  2^3.         ^H 

^^^H           Fagiira.  532.  543 

structure,  213 

234  (•>&:  also             ^^B 

^^^H           F»g<>r)yrum,  264 

Filbert,  2S2 

Edible)                        ^M 

^^^^1          Fagus  species,  i$4t  67B 

Filicales,  56,  57 

Forage,  226                       ^^B 

^^^^1          FaUe  hitter  sweet,  726 

Filicic  anhydride,  687 

Forgct-mc-not,  367            ^^B 

^^^H 

Filicm,  (187 

Fouquieria,  338                   ^^B 

^^^^B           Families,  224 

Fir,  California  silver. 

Fourcroya,  124                  ^^B 

^^^^B           FarinalL-!),   235 

79 

Four-o'clock  family,    ^^^^| 

^^^^B          Fastigiaria,   t6 

European  silver,  LSI 

^^1 

^^^^B           Fcnclit>iie,   564 

Scotch,  78 

Foxglove,  376              ^^^^B 

^^^B          Fennel.  563.  740 

Fishberrics,  274 

Fragaria  species,  292   ^^^^B 

^^^^H             dog,  626 

Fish-poisons,   257,   i74. 

Fragilaria.  [4                     ^^H 

^^^^B             Macctlonian,  565 

299.    3^.    3^    .W5 

Frangula,   521              ^^^^H 

^^^^H             Roman,   565 

Fissure,  164 

powder,                      ^^^^H 

^^^H 

Fixing  agents,  800 

Frangulin,  $22             ^^^^H 

^^^H              wild  bitter.  565 

Flacourtincca:,  339 
Flag,  sweet,  496 

Frankincense.  311              ^^B 

^^^H          Fenugreek,  powder,  744 

pine,  79                           ^M 

^^^^H          Ferment,    peptonizing. 

Flagclla,  42 

Frascra,  460,  40D                ^^B 

^^^1 

Flax,  common,  303 

Fraxetin,  360                      ^^B 

^^^^B          Ferments,  179 

f.iniily.  303 

Fraxiii,  360,  650                  ^H 

^^^^1          Fermrnlation,  alco- 

Flaxseed.  426 

Fraxinuh  specie^:.  3^        ^^M 

^^^H                            21.  24 

meal,   427-  745 

Fremontia,  333                   ^H 

^^^^B          Fern,  cinnamon,  120 

Flcabane,  Canada,  393 

French  Iwrrie*.  525            ^^B 

^^^^H             grape.    62 

dai>.v,  393 

Fringe  tree,  360           ^^^^B 

^^^^H             groups,   60 

Philadeljihia,  393 

Fructose.   168              ^^^^H 

^^^^1             male,  57.  60,  6R4 

Flemmings  mixture, 

145                     ^^^^B 

^^^^B 

799 

Fruit-sugar,  168                 ^^H 

^^^^B            spore:<), 

Flindersta,  644 

Fruits,  cla^stficatioti,  ^^^^| 

^^^^1 

Flint  corns,  230 

^^^1 

^^^^B            Virginia  grape,  120 

Filial  s.  13 

Daphne.  536             ^^^H 

^^^^H             walking.  62 
^^^B          Ferns,  56.  57 

Floral  envelopes,   139 

drug.  559                 ^^^^B 

Flore*.  Pyrethri.  395 

gcocarpic.  300                 ^^H 

^^^^^             tree,  60 

Florets,  391 

inner   morphology,         ^^B 

^^^^B                       61 

Flowers,  arnica.  551 

216                     ^M 

^^^^B            used  as  foods,  63 

classes  of,  136 

pomegranate,   536          ^^M 
F^runus  serotina.  539     ^H 

^^^^B                      medicine,  63 

Compoiiitx,  138 

^^^^B                          63,  64 

cotton.  530 

prickly-ash,  534                ^H 

^^^H          Fertilization,  48.  >39 

di^k.  138 

146                   ^^M 

^^^^H 

duulile.  134 

wild  black  cherry,           ^^M 

^^^^B                   angiospcrms,  88 

drug.  548 

^M 

^^^^B                   140 

inner  morphology ,211 

xanllin.xyluni.   334            ^H 

^^^^B          Feniia  sp«cie3^52,  354 
^^^H          Fibers  bast,  188 

ligulate,   138.  391 

Fuchsia,   134.  349<  350       ^H 

moss,  54 

Fticus,  13,  16                     ^H 

^^^^^ 

ray,  rjS,  391 

Fnci,  55                                ^M 

^^^^B            Isolation   of.   188 

structure,   121 

Fug:iceuus,  131                    ^^M 

^^^H                         235.  ^57*  329< 

tubular,  138,  391 

Funiaria.  280.  282         ^^^^| 

^^^H            wood,  188 

Flucggea,  317 

Fumarinc.   280,  282    ^^^^B 

Fodder  plants.  226,  301 

Funaria.  46,                  ^^^^B 

^^^^B         FibrovascnTar  bundle, 

Fceniaihim,  563 

Fungi.  16                    ^^^^B 

^^^H 

powder,  740 

economic  uses,  33           ^^H 

^^^H         Ftcns.  sgo,  688 

vulgare,  353 

etiible,                                ^H 

^^^^B             Carica, 

Fcenum  grasnim,  744 

fission,  42                         ^^M 

^^^H            species,  256,  590,  591 

Fnelidia.  3J5 

Folia  malabathri,  294 

groups,  17                 ^^^B 

^^^H         Fig,  590 
^^^K^^     Indian,  343 

pore,                        ^^^^H 

Follicle,  149 

34.  36             ^^^H 

^^M 

INDEX. 

^^^^sj^l 

^^H~             Grass  of  Parnassus, 

Guni.  ine.tquite,  644 

Hawthorn,  292                     ^^| 

^^^H               2B6 

Senegal,  644 

Hay  fever,  402                      ^^H 

^^^^^B  *                  vcmal,  590 

Tnlca.  644 

Ilazolnul.  252                      ^^H 

^^^^^B                         590 

wattle,  644 

Chilean,  25S                       ^^H 

^^^V                Grnssr>i,  225 

Cumhct,  331 

He»d,   138                              ^^H 

^^H               Gratinla.  .')77 

Gum-resins,  179 

Heaih  family,  356               ^^H 

^^^B               (jr^itiolin,  377 

Gums,   174 

Heather,   601                             ^^H 

^^^K              Gravity,  influence  of, 

uf  Ronaces.  290 

Hedeuma,  628,  729             ^^H 
pulcgioides.  360                 ^^^M 

^^^y 

Gurjiin  lialsam,  337 
Guita-pcrcha,  358 

^^^^H          Greenish  ixjwdcrs*  key. 

Hrdcumul,  630                        ^^^| 

^^f                    702 

Guitiferar.  3.*5 

Hedera.  350                         ^^H 

^^H               Grcnacher's   borax'car- 

Giiv.ntinr,  232 

iredysarum,    474                      ^^^| 

^^H                       mine  solution,  806 

Gymnncladus,  299 

Heleniiini,  401                        ^^^| 

^^H                 Grcvillea,   258 

Gymnnsperms.  71 

Hclianthenin.   167,   402             V 

^^H               Grcwi.i.   329 

characters  of,  73 

Helianthus.  401.  402              ^^B 

^^1               Grias,  345 

groups  of.  78 

Hetic:crcs,   333                        ^^^| 

^^H                 GrirTitlisia,  16 

Gynwcium.  123 

Heliotrope,  garden,             ^^H 

^^H               Grinilclia,  626 

Gynnndroiis,  129 

^H 

^^H                  powder,  727 

Gynocardia,  .\19 

Heliotropin,  589                   ^^H 

^^^1                   siK-cii-i.  .^3,  627 

Gypsophila,  267 

Helintrnpism,   107^                ^^H 

^^H               Grindcline,  A27 

Gysttertsiana,  338 

Helintrnpnm  f^ecies,           ^^H 

^^H                Grinnvltin, 

^M 

^^H                 GromwctI  leaves, 

Hahenaria.  590 

Helixin.  2$o                             ^^H 

^^H                        powder.  718 

Habitat.  417 

Hellchore,    American,         ^^^| 

^^^1               Gp^Sftiilariaccrr,   2S6 

Hxniatein,  547 

^H 

^^^1               Ground  pine.  70 

H.x'inaioxylin,  546 

hiack,  371,  495                    ^^H 

^^H              Growth,  fnotnrs 

Haemal'^xylon,  546 

Tinropcan.   403                    ^^^M 

^^H                      influencing,  3 

campcchianum,  295 

272,  496                   ^^^1 

^^^1               Gnaiac  Miie.  669 

pow<Ier,  784 

green,  492,  406                   ^^H 

^H                   resin,  668 

Hagenia  ai>ysstnica,  2Q0 

powder,  737                        ^^H 

^^H                      pctucler,  724 
^^H                  yflliin*,  fAg 
^^H               Gnai,ico],  678 

Hair-restorer,  276 

white.  493                           ^^H 

Hair!.,  glandular, 

Hellohorrin.  271,  495             ^^H 

177.  192 

Hellchnrin,  495                      ^^H 

^^H              Guaiacresin,  A69 

mucilafte- secreting, 

Hcllchorus,  27T                      ^^H 

^^H               Giiaiacum.  ti68 

177 

niger.  495                              ^^1 

^^H                  powder,  724 

non-glnndular.   192 

vtridis.  496                          ^^H 

^H                  fiHicies,  303.  304 

plant,  IQ2 

Henua^ci.                                ^^H 

^^^B               Guarana,  441 

Ha  If-com  pound.  164 

Hcml'ick.  671                          ^^H 

^^H                   powder.  769 

Hnmaniclidaceae.  286 

poison.  352.  $67                 ^^H 

^^H               Guard  cpIIs.  193 

Hamainclidis  cortex. 

powder.  710                         ^^H 

water.   S^                                  ■ 

^^H               Guarra.  256,  472 

y? 

^^1               Gttava.  347 

foiin,  610 

Hemp.    Canadian,    467         ^^H 

^^H              Guayava,  347 

powder,  721 

Kai&t  Indian.  635               ^^H 

^^H               Gua^a.  635 

Hamamcli<>,    286 

fiber.  330                             ^^M 

^^H              Guelder-rose.  wild. 

bark,  526.  527 

24a                       ^^H 

^H                3.S2.  :!^^ 

extract,  6l2 

yellow,                                 ^^H 

^^H               Guevina.  258 

leaves,    610 

Henbane.  372,  619                 ^^H 

^^H               Gulf  weed,  13 

powder.  721 

flenequen.  240                       ^^^| 

^^^1                Gum.   Aiiirad,  644 

Hancornia,  668 

Henna  plant,  344                   ^^H 

^^H                  arahic.  643 

Hardening  agents,  801 

Hepattcar.   51                          ^^H 

^^^^^           arti6c>al,  689 

Hartlwickia.   297 

Herh.  perennial,  94               ^^^| 

^^^^^ft          Australian.  644 

Harebell.   131 

Hcrba    cochlear!.-?.    283               V 

^^^^^^^          barrister.  644 

Harniaiinc,  637 

Herbaceous  perennials.         ^^M 

^^^^^^1         Cape,  644 
^^^H          Crdda.  644 

Harm  inc.   637 
Harputlia.  324 

409                               ^H 
Herbi;  ^drtigs),  595              ^^H 

^^^H          shatti.  644.  645 

Ha-^hiiih,  255 

Hercule<i  club.  450                ^^H 

^^^H                     317,  337 

Haugtoria,  34 

Hermaphrodite,  136                   ■ 
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Involute,  121 
Iodine  from  sea-weeds, 
16 

solution,  807 

water,  807 
lonidium,  472 
Ipecac,  467 

allied  plants,  471 

powder,  735 

spurge,  471 

substitutes,  471,  736 

varieties, 
467,   469,   471 

wild,  384 
Ipecacuanha,  467 

powder,  735 
Ipoh  arrow- poison.  256 
Ipomcea  species, 
366.  453.  657 
Iridaces.  240 
Iris  family,  240 

florentina,  105,  241 

species,  241 

versicolor,  240 
Irish  moss,  687 
Iron,  4 

solutions,  803 

woods,  359 
Iron  wood,  252 
Irregular,   i^iS 
Irvingia,  310 
Isaconitine,  479 
Isatis,  284 
Isoemodin,  525,  610 
Isoetes,  67 
Isohesperidin,  592 
Isolichenin,  690 
Isopelletierine,  534 
Isophysosti^ine,  439 
Isopilocarpme,  598 
Isoptera,  338 
Isorottlerin,  316    . 
Isosporous,  56 
Ivory  nut,  767 

vegetable,  231,  364 
Ivy,  American,  3^ 

English,  350 

ground,  372 
Jaborandi,  596 

Aracati,  599 

powder,  717 
Jaborine,  S99 
Jacaranda,  ^"jy 
Jack-in-the-pulpit,     234 
Jack-tree,  257 
Jalap,  451 

allied  plants,  453 


Jalap,  male,  453 

powder,  733 

substitute,  265 

Tampico,  453 

wild,  453 
Jalapa,  451 
Jalapin,  452 
Jalapurgin,  452 
Jambosa,  347.  348 

Caryophyllus,  346 
Jambul  tree,  656 
Jambuse  berries,  347 
Japaconitine,  480 
Jasmine,  Cape,  382 

yellow,  4S0 
Jateorhiza  palmata,  274 
Jatropa,  315 
Jeffersonia  diphylla, 

739 
Jelly,  Iceland- moss, 
690 

buffalo- berry,  344 
Jequirity,  300 
Jervine.  493.  494-  495 
Jessamine,   yellow, 

362,  480 
Jewel-weed  family,  325 
Jimson  weed,  372 
Joannesia,  315 
Joe-pye  weed,  626 
Juglandacese.  251 
Juglans,  251 

alba,  751 

cinerea,  751 

nigra,  751 

powder,  751 

regia,   752.    756 
Jujube-paste,   327 
Juncaceae,  241 
Juncus,  241 
Jungermannia,  52,  55 
Juniper  berries,  78 

camphor,  683 

powder,  759 
Juniperus,,  79,  679 

powder,  759 

Sabina,  682 

species,  81,  683 

virginiana,  80 
Jussieua,  349 
Jute,  329,  330 

Kadsura,  275 
Kaiser's  glycerin 

jelly,  811 
Katmia,  357 
Kamala,  316 


Kavaine,  249 
Kava-kava,    249 

powder,  765 
Keel,  248 
Kichsia,  668 
Kien  oil.  679 
Kiggelaria,  339 
Killmg  agents,  800 
Kino,  654.   655 

powder,  782 

varieties,  655,  656 
Kinone,  520 
Kinovin,  520 
Ki-urushi,  320 
Kleister,  165 
Knight's  experiments, 

94 
Kola.  435 
Kolatine,  436 
Kosteletzyka,  451 
Koussein,  557 
Kousso,  5^ 

powder,  774 
Krameria,  453,  647 

allied  plants,  455 

powder,  758 

species.  295,  455 
Kraunhia.  300 

Labellum,  131 
Labiatse,  3^ 
Laburnum,  299 
Lac,  320 

gum-,  317.  327 
Lace-tree,  343 
Lactnaria,  400 
Lacquer,  Japanese,  319 
Lactarius,  34 
Lactuca  species,  649 
Lactuca  virosa,  392 
Lactucarium,  649,  781 
Lactucerin,  649 
Lactucerol.  649 
Lactucin,  649 
Lactucon,  649 
Lactucopicrin,  649 
Lady's  slipper,  490 
Laetia,  339 
Lafsensia,  344 
Lagerstraemia,  344 
Lagetta,  343 
Lamella,  middle,  iSi 

primary,  182 

secondary,   182 
Lamellx   in   starch 

grains,    163 
Lamina,  106,  130 
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Lobelacrin,  633 

Lobelia,  633 

blue,  389.  635 

powder.  730 

rtd.  38».  ^5 

species.  3™,  635 
Lubelianin,  633 
Lobcline-,  633 
Loco  weeds.  299 
Loculcs,    123 
Locust,  113.  474 
Lodicules,  226 
Lodoicea,  IS5 
Loeffler's  methylene 

blue,  802 
Logania  family.  362 
Loganiacea?,  362 
Loganin,  437 
Logwood.  546 

powder,  784 
Lomatia,  258 
Lonchocarpus,  299 
Lonicera,   385 
Loosestrife  family,  344 

purple,  142,  344 
Lopezia,  349 
Lophopborjne,  342 
Loranthace^,  258 
Loranthus.  259 
Lotus,  268 
Lovage,  354 
Lufifa  tipecies,  388 

5pt>nge,  j88 
Lumen,  lite 
Lunaria.  jSj 
Lupinidine,  300 
Lupinin,  300 
Lupinine,  300 
Lupinus,  300,  587 
Lupulin,  594 
Lupuline,  583 
Lupulinum,  594,  785 
Lupulirctin,  594 
Luzula,  241 
Lycaconitine,  480 
Lychnis,   267 
Lycoperdon  species, 

I.ycr>pofli;ilp';,  56,  66 
Lycopodium,  693,  749 

adulterants,  694 

species,  70,  694 

spores,  66 
Lycopus,  628 
Lyngbya.  39 
Lysigenous,  178 
Lythracese,  344 


Lythrum,  344 
flower,  141,  14J 

Mabea,  316 
Macaranga,  317 
Mace,  442 

Bombay,  443 

Ma-.-;is^ar    443 

Papua,  443 

powder,  771 
Machilus,  279 
Macts,  442 

powder,  771 
Madura,  257 
Macrocystis,   16 
Macrotin,  498 
Macrotyn,  498 
Madder,  381 

fan^tly.  37B 
Mag:nesia,    796 

ponderosa,  796 
Magnesium,  4 
Magnolia,  275,  376 

f.Tinily.  274 

fruit.  140 
Magnoliacese,  274 
Magnolin,  275 
Magonia,  324 
Mahogany    family,   312 

tree,  667 
Mahonia,  trailing,   272 
Mahurea.  335 
Maiden  hair  spleen- 
wort,  61,  62 
Malambo  bark,  316 
Mallotus    philippi- 

nensis,  316 
Mallow,   331 

family,  329 

stamens.  128 
Ma[pighia«3e,   313 
Malt,  575 
Maltose,  t68 
MallTim.  575 
M-ilva  specie?.  331 
Malvaceae,  329 
Mai  vales,  328 
M,ilvavi"iC!.i«,  451 
Mammet  apple,  337 
Mamniey  wine,  337 
Mandragora,    465 
Manflragorine.  465 
MandraVe,  European, 

46s 
Mangifera,  322 
Mango  fruit,  337 
Mangos,  322 


Mangosteen,  335 
Mangrove,  345 

family,  345 

swamps,  346 
Manihot,  318,  668 
Manna,  649,  650 

Briangon,  81 

Coniferae,  81 

Israelites',  42 

Luristan,  292 
Manna-like  sugar,  338 
Mannitan,  650 
Mannitol.  168.  288, 

650 
Maple  family,  323 

leaves,  powder,  718 

sugar,    323 
Maqui  fruit,  328 
Marasmius,  30 
Marcescent,  131 
Marcgravia,  334 
MarcKnivincse,  334 
Marchantia.  5  ,  52,  55 
Marigold,  390,  394,  555 

powder,  740 

marsh,   501 
Marjoram.  371 
Marking  tree,  319 
Marriibiin,  628 
Marruhiunl,  628 

powder,  729 

species,  62S 

vulgarc,  36S 
Marsdenia.  365 
Marshmallow,  329,  450 

substitutes.  451 
Mar»iil(a.  63 
Marvel-of-Pcru.  265 
Mastic,  645 

American,  645 
Masncbe.  645,  750 
M;isticin.  645 
Mate,  322 

powder,  717 
Matico,  617,  629 

powder.  727,  730 

substitutes,  333 
^fatisia,  332 
Matricaria.  553 

adulterants.  554 

Chamomilin,  394 

powder,  746 
May-apple.  105,  506 
MaylcnUs,  323 
Meadnvi'  beaiity,  .M9 
Meadow-sweet  leaves^ 
powder,  718 
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^B            Mucor  mucedo,  ao 

Myristicin,  440 

Nilrcglycerin,    storing.        ^M 

^M             Mucronatc,  113 

Myrohalans,  348 

■ 

^M             Mucuna.  joo 

Myrosin.  428 

Nomenclature,  223               ^H 

^M             Miilherry.  357 

Myrcjxylon,  339 

Nopatca.  343                   ^^^1 

Myrrh  family,  310 

No&ioc,  39                   ^^^H| 

^P                 fnniily,  254 

varieties. 

Nucellus,  71,  86             ^^^H 

^M                 leave!!,  powder,  719 

673.  fi74.  675 
Myrrha.  673 

Nuclcoles  158               ^^^H 

^m             Mullein,  376 

Nucleus.                         ^^^H 

^M                 iieeds.  63s 

powder,  781 

starch  firain,  163         ^^^^B 

^M             Mttltintirleate,  12 

MyrtarcT,  ^6 

Ntiphar.  268                     ^^^H 

^B              Mulu  kilavary,  675 

Myrtle  family.  346 

Nut,  150                            ^^^1 

^1             Mundtilea,   jqq 

wax.    250 

N'utation.  117                        ^^M 

^1              Nfuntingui.  339 

Myrtus    H|>ecies,   34?. 

Nulgall,    646                          ^H 
Nutgalls.  Texas,  648           ^H 

H              Musa.  244 

656 

^1              Mimaceir,  244 

Nutlet.  150                     ^^H 

^B               Mum:!.  S3 

Nabalns,  400 

Nutmeg,  439                   ^^^H 

^M            Mushroom,  common 

N'aked  flowers.  137 

American,  440             ^^^H 

^m                   field ,  JO 

Nap.x.i,*33i 

false.  440                      ^^^H 

^H                 poisonous.  30,  31 

Napcllinc,  478,  479 

^^^H 

^B             Mushroomfi,  edible. 

Nartxinc.  660 

powder,  771                  ^^^H 

■                     30.  3t.  33 
^1             Musk  root.  462 

Narcissu*.  240 

varieties,  440               ^^^^B 

\Hrctitinc.  660 

Nux  vomica.  436            ^^^H 

H                 odor,  331 

NartRamia.  472 

endosperm,  319,  364         ^H 

H                 stxd.  331 

powder.  736 

(Kiwder,  793                   ^^^H 

^B              Mustard,  black, 

Narcgaminc,  472 

Nyctaginacc?c.  265          ^^^H 

■^              283,  +20 

Naringin,  308,  593 

Nyctinastic,  117              ^^^H 

^^H          family,  283 

Nasturtium  family, 

Nyctitrupic,  117              ^^^H 

^^^B          field.  429 

y>i 

Nymphxa.  268               ^^^H 

^^^H          flour,  742 

Natal'-nn,  665 

137            ^^^H 

^^^fl           French,  742 

Natiira[izL-<l  plants,  418 

Nympha:acex.  368            ^^^H 

^^H          gnrlic.  383 

Navicula,   14 

Nyssa,  259                     ^^^H 

^^H         paste.  743,  743 

Neclandra, 

^^^^B 

^^^H          prepared.  743 

27y.  Adi,  54* 

Oak,  646                         ^^H 

^^^H           (root  hairs).  93 

Nectar.  215 

balls,  California.  648       ^H 

^^^1         Russian,  743 

poisonous,  357 

black.  253                           ^M 

^^H          urepta,  439,  743 

Nectaries,  145 
Nelumbo,  368 

leaves,  i>owder,  719           ^H 

^^^B                         383 

poison,  319                         ^H 

^^^H           yellow,  3S3 

Ncpenthaccae,  285 

^^^H 

^^^B           u-Iiile.  2S3,  438 

Nepenthes,  285 

Spanish,  253                ^^^^B 
white.  253                     ^^^H 

^^^B           wild.  284 

Nepcta,  r  13.  372 

^M            Muiaiions.  3 

Ncphcliurn.  .124,  594 

Oaks,  varieties,  S43              ^| 

^M              Myct>linni,   17 

Nephrodium.  57,  Oo 

Oat.   227                               ^^H 
Oatmeal.  792                    i^^^B 

^m            MycD*te.  692 

Nerium,  364 

^B            Myoctonine.  480 

Nesa^,  344 

Oais  rtilled,  793             ^^^H 

^B            \fyosoti^.  367 

Neslia,  284 

Ohrcmlate.   112                  ^^^H 

^B             Myrceugenia.  347 

Nettle,  dead.  127 

Ochrocarpus,  335            ^^^H 

^B             Myrria.  348 

family,  257 

Ocimutn,  371                    ^^^^B 
Ocote.i,  280                      ^^^H 

^B              Myrica  ccrifera,  350 

hursc.   374 

^B                     powder.  759 

Nicotinna  species,  375 

Ocotilla.  338                    ^^^H 

^B               M>Ticalr.s.   250 

Nicfitinc,   375 

Ortomclr!<,  341                  ^^^^B 

■              Myrlcaria,  338 

Nigella  species.  567 

CEnanthe.  354                ^^^H 

^B             Myricin,  319 

Nighi5hade.  deadly, 

Oenothera,  349,  350         ^^^H 

^^^^       Myristica.   439 

373 

Official,  223                      ^^^H 

^^^K         fragrans,  377 

enchanter  s,  349 

Oil,  .\jawan,  354                  ^H 

^^^B         powder,  771 

Nitrification,  soil,  43 

allspice,  575                ^^^H 

^^^^           specie?!,  44a 

Nitrogen,  3 

354,  562           ^^^H 

^V            Myristicacex.  277 

atmospheric.  99 

Apciba,   329                 ^^^H 

838 
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Oil,  bay,  347 
betula,  252 
bitter  almond,  434 
cade,  679 

Borneo  camphor,  337 
cajeput,  347 
calamus,  496 
Carapa,  313 
caraway,  567 
castor,  314 
chamomile.  555 
cinnamon.  516 
clove,  549 
coriander,  563 
cotton  seed,  331 
croton,  315 
cubeb,  571 
cumin,  354,  569 
cyperus,  231 
dill.  354 
erigeron,  393 
fennel,  564 
geranium-grass,  230 
gingergrass,  230 
hedeoma,  630 
hops,  583,  594 
juniper,  81 
kapak,  331 
kesso  root,  505 
laurel-nut,  336 
lavender,  370 
lemon,  308 
lemon-grass,  230 
lupulin,  594 
marcassa,  324 
marjoram,  371 
myrcia.  347 
Neroli,  307 
olive,  300 
orange,  591 
orange  peel,  307 
palm,  232,  333 
pennyroyal. 

Russian.  631 
pepper,  ^73 
pepper,  Japanese,  308 
peppermint,  631,  632 
pimenta,  575 
pine  needle,  677 
red  cedar  wood,  683 
rose.  289,  558 
rosemary,  370 
sage.  612 
santal,  259 
sassafras,  539 
savin.  81,  683 
sesame.  377 


Oil,  spearmint 

German,  633 
Russian,  632 

tar,  678 

thyme,  370 

turpentine,  676,  677 
wintergreen,  252,  357 
Oil-cake,  427 
Oils,  178 
Okra,  331 
Oleaceae,  360 
Oleander,  364 
Oleandrin,  364 
Oleo-resins,  179 
Oleum  cedrela,  313 

myristica;,  440 

picis  Liquidse,  678 

rhodii,  309 

theobromatis,  332 
Olibanum,  311 
Olive    endocarp,    491, 
586.  770 

family,  360 
Omphalocarpum,  358 
Onion,  239 
Onoclea,  62 
Ononin,  300 
Ononis,  300,  474 
Oogonium,  7 
Oomycetes,  18 
Oosphere,  7 
Oospore,  7,  45 
Opegrapha,  42 
Operculina.  453 
Operculum,  49 
Ophio^lossum,  63 

species,  69 
Opium,  658,  661 

adulterants,  661 
Opopanax,  675 
Opuntia  species, 

342,  343 
Opuntiales,  341 
Orange,  Bergamot,  307 

bitter,  306 

blood,  307 

Curasao,  306 

flower,   130 

Malta,  306 

mock.  286 

navel,  308 

osage.  257 

Otaheite.  307 

peel,  bitter,  592 

peel,  sweet,  591 

Portugal.  306 

satsuma,  308 


Orange,   Seville,  306 

trifoliate,  306 
Oranges,  moldy,  17 
Orcein,  42 
Orchidales,  244 
Orchid-like  flowers,  349 
Orchil,  42 
Orchis,    590 
Ordeal  bean,  438 
Orders,  224 
Orellin,  338 
Organs, 

inner  structure,  197 

nutritive,  5 

plant,  5 

[)ropagative,  5 
Orienting,   117 
Origanum,  Cretian,  371 

sjpecies,  371 
Origin,  botanical,  417 

commercial,  418 

of  growth,  Point  of, 

163, 
natural,  417 
Orizaba,  453 
Orlean,  338 
Ornamental  plants,  231. 

.^j,    240,   244,    2.S7. 

260,    264,    26s,    267, 

302,   314.  326,   334. 

340,   341-   349-    40S 
Orotava  di^agon  tree, 

238 
Orpine  family,  285 
Orris-root,  105 
powder,  793 
Orthostichies,  118 
Oryza,  227 
Oscillaria,  44 
Osmosis,  184,  221 
Osmunda,  69,  687 
species,  61 
spores,  63 
Ostrya,  252 
Ourouparia  Gambir, 

381 
Ovary,  123,  215 
Ovule,  development,  86 

structure,  215 
Ovules,  forms,  i:!6 
Oxalidaceae,  301 
Oxalis,  301 
Oxidation,  221 
Oxyacanthine,  273,  483 
Oxyatropine,  622 
Oxycoccin,  358 
Oxycoccus,  357,  601 
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Oxyconnnc,  367 

Parictalcs.  334 

Pentalo stigma.  317               H 

Oxydase  enzymes,  180 

Panllin,  450 

Pentapctes.  333                     ■ 

Penihorum,  285                    H 

in  kola.  436 

Pari-pinnatc.  II4 

Oxygen,  3 

Parnassia.  j86 

Pcpcromia.  124,  574       ^^H 

Oxythymoqitinone,  400 

Paronychia,  367 

Pepo,  150.  429               ^^H 

Oxytropis,  299 

Parrya,  283 

powder,  743               ^^^1 

Parsley,  354 

Pepper.  .Acheen.  574      ^^H 
adulterants,   574,    77D       H 

Pacliira.  331.  451 

Parsnip,  354 

Pachynia  cocos,  34 

mistaken  for,  569 

African.  578                      M 

Palaqiiin  sptfcies,  358 

Parthenocissiis,    328 

black.  249.  571                   ■ 

Pale,  inner.  2j6 

Partridge  berry, 

powder.  586.  769           ■ 

outer,  236 

142.  378,   382 
Passiflora  species,  341 

Ponibny.  ^O                      H 

Palisade  cells.  211 

Cayenne,  578.  78a       ^M 

Pa)m  oil,  233 

Pass  iflo  race*.  $41 

garden,  580               ^^^| 

Palmae,  331 

Passion-flower    family. 

-prass,  383                ^^H 
Gninea,  574                 ^^^| 

Palmate!y-c»nipiiund, 

341 

114 

Pastinaca.  354 

hulls,  574.  770           ^^H 

Palinaicly-vcined,    112 

Patchouli.  371 

Japan.  580                  ^^^1 
long.  249.  S?i           ^^M 

Paln)i-ner\'e(l,  no 

PauIIiniH  CniHina,  324 

Palms.  231 

Pavonia,  4.SI 

-moor,  308                ^^^H 

resembling.  351 

Paycna.  358,  350 
Pea.  garden.  92.  300 

Penane.  574              ^^H 

pod.  580                    ^^H 

Panax  species.  98,  350 

Panjriiim,   340 

sweet.  301 
Peach.  388.  539 

red.  376.  379              ^^H 

Panicle.  137 

standard,  573               ^^^H 

Papain.  180,  277 

seed.  794 

substitutes,  573           ^^H 

Papaver  ca|}sute3,  148 

Peaches,  dextrose  m. 

wall-,  285                           ■ 

souinifcruin.   280 

167 

while,  249,  573.  574          H 

Papaveracca:.  280 

Peanut.  144.  300 

Peppercorns,  571                   H 
white.  573                   ^^fl 

Papavcralci.  2*0 

Pear.   388 

Papaverine.  6C0 

prickly.  34.^ 

Peppermint,  631           ^^^H 

Papaw.  341 
^^K             family.  341 

Peat,  sphagnum,  55 

powder.  729               ^^^| 
Peppcrtree,   Peruvian,       V 

Pecan,  251 

^^f            North  American,  377 

Pectin,  2S8 

645                                 M 

Paper  of  ancients,  231 

Pectosc.  388 

Perennial,  94                       H 

rice,  350 

Pt-daliacca,   377 

Perezia  species,  400           ■ 

Papilionaceous.  130 

Pedicel.  137 

Perfoliate,  114               ^^fl 

Papilionatse,  393 

Peduncle.  137 

Periandra,  474               ^^^| 

Pappus,  391 

Pceanum,  637 
Harmala,  304 

Perianth,  129                 ^^H 

Papyrus.    231 

Periblem.  i^                ^^H 

Paracalechin,  338 

Peircskia.  34a.  34J 

Pericarp,  145                 ^^^M 

Paradise  grains,  243 

Pelargonium  species, 

Pcrichxtia,  53              ^^^H 

Parallel -veined,  log 

301 

Periderm,  512                 ^^^H 

Paranine,  530 

Pcllxa.  61.  6a 

Pcrigynous,  133              ^^H 

Para-nut,  345 

Pcllciicrinc,  534 

Perisperm,  90,  152,218   ^     ■ 

Paraphyscs,  53 

pL'lIionia,    j6i 

Pcrii^tome,  49                  ^^^H 

Parasite*:,  t6 

Petlitory.    455.    456 

Periwinkle.  364             ^^^| 

half.  258 

Pellotine,   342 

Peronospora,  19            ^^^H 

Pareira.  460 

Pelosine.   461 

Persca,  stamen,  127             V 

brat's,  460 
^^K           false,  401 

Peltigeria.  69I 

Persian  berries.  525      ^^H 

Penaea  species.  652 

Prr<;ica,  539                    ^^H 

^^H           powder,  738 

Pencil  flower,  413 

Persimmon,  359             ^^^| 

^^H           !<uhstitutcs.  461,  453 

Pcnicillium.  3S 

Persistent.  131               ^^^| 

^^^P           white.  463 

Penny-cre^s,    field.    283 

Personate.  131               ^^^H 

^^^"             yellow,  462 

Pennyroyal, 

Pcrsn<^nia.   358                ^^^| 

■              Parench>Tna,  1S4 

American,  369,  628 

Pertusaria,  41                 ^^^| 

m                 kinds,  184.  185 

European.  630 

Peru  balsam.  298          ^^^| 

W              Parictnc,  5m 

Pentadesma,  436 

Petaloid,  132               ^^H 

840 
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PeUls.  129 
Petiole,  106 
Petroselinura,  354 
Peziza,  22,  23 
Phaca  (Astragalus) 

299 

Pharophyceae,  8,  13 
Pharmacognosy,  41^ 
Pharmacopceial  defini- 
tion, 418 

titles,  4>8 
Phaseolus,   300 
Phellogen.  199,  ao2 
Phenol,  678 
Phenyl  ethylene,  680 

propyl  cinnamate, 

Philadelphus.  286 
Phloem,  201 
Phlorizin,  292 
Phloroglucin  solution, 

182,  808 
Phlor3jl  compounds,  552 
Phrcnix,  233.  364 
Phoradendron,  259 
Phosphorus,  4 
Photosynthesis,    4,    109 
Phycomycetes,    18,   21 
Phyllanthus,   317,   318 
Phyllophora,  16 
Phyllotaxis,    118 
Phyllotaxy,    118 
Physcia,  41 
Physic,  Indian,  471 
Physiology,    i 
Physostigma.  438.  771 

venenosum,  298 
Physostigmine,  439 
Phytelephas,    231,    364, 

Phytolacca,  446,  464, 
46s 

decandra,  265 

fruit,  466 

powder,  736 
Phytolaccaceae,  265 
Pliytolaccine,   466 
I'icca,  75 
Pichi,  373 
Picradnnidin,  496 
r'icrajna,  546 
Picrasma  excelsa,  309 

species.  546 
Picrasmin.  545 
Picro-crocin,  241 
PitTopndophyllin,  508 
Picrosclerotine,  692 


Pieris,  357 
Pileus,  31 
Piliganine,  694 
Pilocarpene,  599 
Pilocarpidine,  598 
Pilocarpine,  5<^ 
Pilocarpus,  596 

powder,  717 

species,  305 
Pilose,  210 
Pimelea,  343 
Pimenta,  574 

acris.  347 

adulterants,  755 

officinalis,  347 

powder,  755 
Pimpernel,   502 
Pimpinella,  562 

Anisum,  3^2 

species,   5M 
Pimpinellin,  562 
Pinanga.  338 
Pine  cones,  79 

frankincense,  79 

Georgia,  78 

ground,  70,  694 

loblolly,  79 

long-leaved,  78 

pitch,  78 

prince's,  355 

running,  70 

stem,  209 

torch,  79 
Pineapple,  235 
Pinene,  676 
Piney  resin,  338 
Pinicrin,  684 
Pinkroot,  503 
Pinks,  267 
Pinnately-compound, 

114 
Pinni-nerved,  no 
Pinol  hydrate,  676 
Pinus,  41 

species, 
n^  78.  79,  81,  676 
Piper,  571 

angusti folium,  249 

Cubeba,  249 

fruit,  218 

longum,  573 

methysticum,  249 

nigrum,  247 

powder,  769 

species,  571,  574 

substitutes.   573 
Piperaceac,  247 


Pipcrales,  247 
Piperidine,  57J 
Piperine,  573 
Pipitzahoac,  400 
Pipsissewa,  355,  603 
Piptadenia,  652 
Pircunia,  266 
Piscidia  Erythrina,  399 
Pistacia,  322,  646 

Lentiscus,  321 
Pistachio  nuts,  323 
Pistil,    123 
Pistillate,  136 
Ptsum,  92,  300 

stamens,   126 
Pitch,  678 

Burgundy,  81.  670 

Canada,  81,  671 

hemlock,  ^l 
Pitcher  plants,  119 
Pitcher-plant  faraUy, 

284 
Pith,  203 

sassafras,  547 
Pituri,  620 
Piturine,  620 
Fix  Burgundica,  670 

liquida,  677 
Placenta,  124,  215 
Plaited,  132 
Planchonia,  345 
Plankton,  13 
Plantaginacex,  378 
Planta^o  species,  378 
Plantam,  140,  378 

family,  378 
Plants,  carnivorous, 

119 
Plastid  pigments,   loO 
Plastids,  2,  158 
Platonia,  337 
Plerome,  i^ 
Pleura,  15 
Pleurisy  root,  365 
Pleurococcus,  9,  39 
Pleurosigma,  14 

angulatum,  15 
Plicate,  121,  132 
Plum,  French,  288 

seed,  794 
Plumule,  154 
Foaya  blanca,  472 
Pod.  150 

Podophylloresin,  508 
Podonhyllotoxin,  508 
Podophyllum,  50(5 

peltatum,  273 
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Podophyllum,    powder, 
772 

rhizome,  104 

species,  508 
Podostemacese,  285 
Podostemon,  285 
Popostemon,  371 
Poinsettia,  132 
Point  of  growth,  93 

vegetation,  93,  197 
Poisons,  testing,  5 
Poisonous  plants  to 
cattle,  299 

horses,   268 

sheep,  264 
Poke,  265,  464 

berries,   267 

root,  265 
Polariscope,  814 
Polemoniales,  365 
Pollantin,  4,02 
Pollen  grains,  85,  213 

sacs,   83,    126 
Pollination,  139 

cross-,   141 

self-,  140 
Pollinia,  85 
Pollinium,    128 
Polyadenia,    574 
Polygala   species, 

313.  472 
Polygalaceae,   2^^ 
Polygamous,  136 
Polygonacese,    113,   262 
Polygonales,  262 
Polygonum  flower,  141 

species,  264,  477 
Polymnia,  399 
Polypodium,  62,  64,  474 

spores,  63 
Polyporus,  34 
Polysiphonia,  13 
Polytrichum,  46, 
Pome,  150,  288 
Pomegranate  family, 
345 

bark,  534 

powder,  725 
Pomelos,  307 
Pometia,  324 
Pop    corns,    229 
Poplar,  250 

balsam,  250 
Popowia,  277 

stamens,  127 
Poppy,  California,  280 

capsules,  148 


55 


Poppy,  celandine,  282 

family,  280 

Mexican,  280 

opium,  280 

yellow,  282 
Populus,  250 
Pore,  bordered, 
187,  191 

fungi,  31 

simple,   184 

stoma,  193 
Pores  in  fibers,  18S 

kinds,  184 

water-,  193 
Porteranthus,  471 
Portulaca,  26 
Portulacacese,  267 
Potassium,  4 

nitrate,  402 
Potato,  375 

Chinese,  240 

family,  372 

sweet,  366 

white,  105 
Potentilla, 

120,  292,  647 
Pouzolzia,  J58 
Powders, 

adulterants,  695 

examination,  696 

greenish,  714 

key,  702 

reagents,  696 

reddish,  782 

yellowish,  732 
Prefloration,    132 
Prefoliation,  121 
Preservatives,  800 
Prickly  ash   bark,   533, 

543 
powder,  776 
Pride  of  China,  312 
Primrose,   evening, 

349 
Prince's  feather,  264 
Principes,  231 
Prisms,  monoclinic, 

171 
Privet,  361 
Pro  mycelium,  35,  38 
Propagation,  404 
Propenylanisol,   562 
Prosopis,  644 
Protea,  258 
Proteacin,  258 
Proter.les,  258 
Protecting  cells,  192 


Protective  cellulose 

walls,   183 
Proteids    (proteins) , 

158 
Protem  grains,  173 
Proteolytic  ferments, 

179 

Prothallus,  46 
Protium,  310,  311 
Protocatechuic  alde- 
hyde, methyl,  587 
Protonema.  46,  49 

in  Hepaticae,  51 
Protopine,    28v,    281, 

282,   508,   560 
Protoplasm,  2,  156 
Protoplasmic  cell- 
contents,  156 
Protoplast,  2,  156 
Protoveratridine.  404 
Protoveratrine,  493 
Prune,  576 
Prunum,  576 
Prunus,  2)S&,  290.  590 

Amygdalus,    287 

domestica,  287 

serotina,  287 

species,  537,  539 

virginiana,  387,  537 
powder,  759 
Pseudaconitine,  480 
Pseudo-aegle  group, 

306 
Pseudo-coccus,   343 
Pseudoconydrine,  5^. 
Pseudoemodin,  522 
Pseudofrangulin,  522 
Pseudohyoscyamine, 

620 
Pseudo-inulin,  167,  402 
Pseudojervine,    494 
Pscudomonas,  99 
Pseudomorphine,  659 
Pseudopelletierine,  536 
Pseudopodium,  5.S 
Pseudo-strophanthin, 

432 
Psidium,  347,  656 
Psoralea,  298 
Psychotrine,  469 
Ptelea,  308 
Pteridophytes,  55 
Pteris,  58,  59.  64 
Pterocarpus,  647  ' 

Marsupium,  294 

santalinus,  295 

species,  547 
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Pterosperraum,  333 
Ptineds,  420 
Ftinus,  420 
Puberulent,  210 
Pubescent,  210 
Puccinia,  37 
Puffball,  JO 
Pulegone.  630 
Pulsatilla.  271 
Pulse  family.  292 
Pulvinis,  117 
Pulvis    glycyrrhizae 

contpositus.  759 
Pumpkin  fruit.  387 
seed.  429 

powder.  742 
vine,  387 
Pnnica   Granatum.  345 

646 
Punicacese.  345 
Punicine,  534 
Purging  root.  47J 
Purshia  tridentata, 

292 
Purshianin.  525 
Purslane.  267 
Puumen.  145 
Pycnidia.  40 
Pycnocontdia.  40 
F^ramids,  171 
P>Tenoids.  10.  15 
Pyrethri  Flores,  395 
PjTcthrine.  456 
Pyrethrum,   185.  455 

powder,  778 
Pyridine,  hexa-hydro- 

propyl.   567 
Pyrocatechin.  543.  677 
Pyrolaceac,  355 
Pynis.  2S8 
Pyxidium,  148 
Pyxis.  148 

Quaker    button,   436 
Quassia,  544 
amara,   309 
cups.  544 
powder.  735 
Tarieties,   544 
'uassiin.  545,  546 
uebrachinamine.  363 
uebrachine.  363 
uebracho.  ^2.  363 
ueen's-root,  314 
^uercetin.  544 
uercitrin. 

254^  J24,  544 


Qucrcus.  541.  646,  647 

alba.  263.  776 

species,  253,  543 
Quillaja.  541 

powder,  782 

Saponaria.    290 

spurious.  541 
Quillajasapotoxin,  541 
Quina   blanca.  316 
Quinamidine,   520 
Quinamine.    519 
Quince.  28S 

flower.   141 

seed,   powder.  745 

Buinidine.  519 
uinine,    519 
herb.   362 
poor  man's.  300 
Quinone.  520 
Quinovin.  520 
Quisqualis.  348 

Raceme,  137 
Rachis.  137 
Radial,    137 

leaves,   108 
Radiate.   391 
Radicle.  154 
Radish,  283 
Radix   onontdis.  300 
Rafflesiacex.  260 
Raisins.  328 
Rajania,  240 
Ramie.  258.  330 
Ranales.  268 
Ranunculaceae.  268 
Ranunculus.   271 
Raphanus,  283 
Raphia,  330 
Raphides.  172 
Rasamala-wood  oil.  681 
Raspberries,  531 
Raspberry,  red.  289 
Rattle-box.  299 
Ravensara.  279.  280 
Ray  flowers.  391 
Reagent  bottle,  803 
Reagents.  696,  800 

special.  ScS 
Reaumuria.  338 
Reclinate,  121 
Red  gum.  655 

saunder?.  547 
Reddi>h   powders. 

kej-.  7" 
Red -wood.  78 
Regular.  136 


Relationship^ 
tree  of,  &> 
Repand.    114 
Reseda.  284,  344 
Resedacese.  284 
Resene  re»in=.  654 
Reser\-e  cellulose  walls, 

183 

in  seed>,  152 

layers,    152 

parenchyma.  185 
Resin,  653 

claret  ta.  653 

galipot,  694 

guatac.  668 

podophyllum,  508 

scammony,   6^ 

soft.  311 
Resinol-resins.  654 
Resinotannol.    asa-, 

671.  672 
Resinotannol.  opo-.  675 
Resinotannol   renins. 

AS4 

Resins,  178 

classes,    653,    654 

(drugs).  640 
Respiration,    109 
Reticulated  ducts,  igo 
Reticu  lately-veined 

leaves,  HI 
Refuse,    1 12 
Revolute,   121 
Rhamnacex,  326 
Ramnales.  326 
Rhamnochrysin.  525 
Rhamnocilrin.  525 
Rhamnol  arachidate. 

525 
Rhamnolutin.  525 
Rhamnonigrin,   525 
Rhamnose,  522 
Rhamnoxanthin.  522 
Rhamnus  cathardca, 

525 
Frangula.  326 
powder,  735 
Purshiana.  326^  523 

powder.  759 
species,  s^^.  525 
Rhaponticin.  734 
Rhatany.  453 

powder.  758 
Rheedia.  335 
Rhein.  476  ' 
Rheum.  474 
powder.  733 
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Rheum  species,  262 
Rhexia,  349 
Rhipsalis,  342 
Rhizoids,   11,  46,  51 
Rhizomes,  105 

(drugs),  443 

kinds,  444 
Rhizophora,  345,  647 
Rhizophoraceae,  345 
Rhododendron, 

357,  601,  602 
Rhodophycese,  8,  13 . 
Rhodynienia,  16 
Rhceadales,  280 
Rhoesmin,  476 
Rhubarb,  262.  474 

Austrian,  476 

English.  476 

false,  501 

fingers,  421 

Rhaptonic,  powder, 

734 

powder,  733 

substitutes,  477 

varieties,  476 
Rhus,  646 

glabra,   569 
powder,   784 

species,  319 
Rhynchanthera,  349 
Ribes,  286 
Riccia.  52 
Rice,  227 

flour,  792 

paper,  Chinese,  350 

starch,  788 
Richardsonia,    powder, 

7315 
Ricin,  314,  331 
Ricinus,  314 

aleurone  in,  219 

seed,  218,  314 
Ringent.  131 
River-weed,  285 

family,  285 
Rivinia,  267 
Robinia,  2g8,  301,  474 
Roccella,  42 
Root,   92 

abnormal  structure, 
205 

absorption,  220 

aerial,  97 

t)elladonna.  46^ 

branches,  204 

contraction,  204 

Culver's,  501 


Root,  drugs,  443 

embryOi    154 

fennel,  565 

hairs,  92,  94 

kinds,  94 

licorice,  472 

modified,  97 

perennial,  94 

poke,  465 

pressure,  221 

scammony,  657 

-stocks,  105 

structure,  199 

tubercles,  97 

tuberous,  94 

-tubers,  94 
Roripa,  283 
Rosa,  587 

canina,  powder,  784 

centifolia,  558 
powder,  785 

gal  Ilea,  557 
powder,  785 

species,  289 
Rosacea,  287 
Rosales,  285 
Rose  apple,  347 

family,  287 

geranium,  301 

hips,  powder,  784 

powder,  785 

red,  557 

wood,  279 
Roses,  green,  134 
Rosette  aggregates,  171 
Rosin,  653 

weed,  400 
Rosmarinus  officinalis, 

370 
Rotate,  131 
Rottlerin,  316 
Rouge,  397 
Rubber,    India,   316 
667 

varieties,  668 

vulcanization,  66b 
Rubia,  381 
Rubiacea?,  378 
Rubiales.  378 
Rubijervine,  494 
Rubreserine,  439 
Rubus,  530 

powder,  751 

species.  288,  289,  531 
Rudbeckia.  400 
Rue  family,  304 

garden,  308 


Ruellia,  504 

ciliosa,  377 

powder,  726 
Rugose,  210 
Rumex,  647 

Acetoseila,  264 

crispus,  262 

hymenosepalus, 
264.  754 

powder,  753,  779 

species,  477 
Rusbyine,  472 
Rush,  241 

family,  24! 

scouring,  56,  64 

wood,  241 
Rust,  black,  36 

wheat,  37 
Ruta  graveolens,  308 
Rutaceae,   304 
Rye,  227 

flour,  791 

middlings,  796 

Sabadilla  seeds,  495 
Sabadine,    495 
Sabadinine,  495 
Sabal,  578 

serrulata,  231 
Sabbatia,  362 
Sabina,  682 

powder,  731 
Sabinol,  683 
Saccate,  131 
Saccharomyces,  23 
Saccharose,  168,  402 
Saccharum,  227,  795 

lactis,  796 
Sacci,  240 
Sacs,  23 

Safflower,  390,  397 
Saffron,  241 

powder,  746 
Safrol,  517,  541 
Sage,  612 

Muscatel,  6l2 
Sageretia,  326 
Sago,  imitation,  789 

palms,  233 

starch,  233,  789 
Salep,  247 
Salicales,  250 
Salicin,  250 
Salix,  250 
Saltations,  3 
Salvia.  612 

corolla,  133 
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Selenipedium,   587 

Semecarpus,  319,  646 
Sempervivum,   ^5 
Senega,  456 

adulterants,    458 

allied  plants.  457 

powder,  748 

root,    456 
Senegin,  456 
Senna,  607 

Aden,   610 

American,  610 

Arabian,  610 

Mecca,  610 

-nigrin,  609 

pods,  610 

powder,  721 

-rhamnetin,  609 
Sepals,  129 
Sequoia,  78 
Serenoa  serrulata,  231 
Sericeous,  210 
Serjania,  324 
Serpentaria,  501 

powder,  739 
Serrate,  114 
Sesamum,  377 
Sessile,    106 
Seven   barks,  286 
Sex  cells,  45 
Shaddock,  307 
Shellac,  257,  324 
Shepherd's  purse, 

88,  284 
Shoot,  92 

assimilation.  92 

hypogeous,    104 

kinds,  lOT 
Shorea,   338 
Shrubs,  409 
Siabenzoresin,   67^ 
Siaresinotannol,  ^3 
Sida,  451 

species,  331 
Sideroxylon,    359 
Siejas,  259 
Sieve,  191 

tubes,  191 
St^illaria,   69 
Silica,  13,  172 
'  in  diatoms,  14 

in  Equisetales,  64 
Silique,  150 
Silk,  330 
Silkworm.  257 
Silphium,  400 
Simaba,  310 


Simaruba,  310,  546 
Simarubacex,  309 
Sinalbin,  428 
Sinapine,  428 
Sinapis  alba, 
283,  428,  742 
powder,  741 

nigra,  429 
allied  products,  429 
powder,  743 

root-hairs,  92 

species,  429 
Sindor  balsam,  337 
Sinistrin,  511 
Sinuate,  114 
Sinus,    114 
Sisal,  3^ 
Sisymbrium,  283 
Skullcap,  638,  639 
Skunk  cabbage,  234 
Sleep   movements,   1 17 
Sloanea,  328 
Sloe  leaves,  powder, 

719 

Smtlax  species,  238 
Smut,  corn,  35 
Smuts,  36 
Snake  poison,  antidote, 

274,  349 
Snakeroot,   black,  497 

button-,   400 

Canada,  260 

Red   River,  501 

Texas,  501 

Virginia,  501 
Sneeze-weed,  401 
Snow  crystals,  171 
Snow-ball,  382,  383 
Snowberry,   385 
Soap    bark, 

powder,  782 
Soapberry  family,  324 
Sodium  chloride  in  ash, 

276,  285,  338 
Soil-bacterium,   99 
Solanaceae,   372 
Solanine,   373,  375 
Solanum  anther,  127 

carolinense,   374,  726 

Dulcamara,  373 

species,  376 

tuberosum,   375 
Solenostemma,  721 
Solidago  species,  399 
Solomon's  seal,  no 
Sorbitol,  288 
Sorbus,   287 


Soredia,  40 
Sorghum,  227 
Sori,  59 
Sorosis,  ISO 
Sorrel,  field,  264 

sheep,  264 
Spanish  needles,  155 

saffron,  241,  746 
Sparteine,  637 
Spartium,  637 
Spathiflorae,   233 
Spathyema,  234 
Spawn,  31 
Spearmint,  632 

stolons,   103 
Species,  244 
Sperm,  7 
Spermolepis,    656 
Spermophytes,  70 
Sperms  in  Bryophytes, 
48 

in  Gymnosperms,  177 

in  Lycopodiales,  68 
Sphacelotoxin,  692 
Spha:robacteria,  44 
Sphagnum,  49,  §5 
Sphere-crystalloids, 

167 
Spice  bush,  279 
Spices,  adulterants,  756 
Spiderworts,    235 
Spigeh'a,  361,    502,    503 

adulterant,  504 

marilandica,  362 

powder,  502,  763 
Spigeline,  504 
Spike,  138 
Spikelets,  225 
Spikenard, 

American,  450 
Spilanthes,  401 
Spilanthin,  401 
Spinach,   265 

fruit,  218 
Spinose,  210 
Spiny   clotbur,  401 
Spiraea,  290,  587 
Spiral  ducts,  190 
Spirogyra,  9,  lo 
Spleenwort,  61,  62 
Spondias,  124 
Sporangia    in    Angio- 
sperms,  84 

mega-,  56 

micro-,  56 
Sporangium,  6 
Spore  balls,  35 
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Spores,  asexual,  6,  45 

fern.  59,  63 

iiicga-,  36 

micro-,  56 

mo*;-.  49 

resting,  11 

sexual,  6 

-uninier,  38 

swarm,  7 

winter,   38 
Sp<^jrirlia,  35 
SiKfpigonium,  48 
Siv>n»jjhyll.  59 
SfKirophyie,  45 
Spring  Iicauty,  267 
Springs,  sulphur,  44 
Spruce,  75 

black,  79 

gum.  81 

hemlock,  81 

\orway,  81 
Spurge,  caper,  315 

family,  314 

laurel,  343 
Squill,  510 

powder.  741 
Staflf-lree  family,  323 
Staining  agents,  802 

double,  808 
Stamen,  126 
Stamens.  122 
Staminate,  136 
Staminodes.  135 
Staminodia.  135 
Staphisagria,  270,  427 

powder,  731 
Staphisagrrtine,  428 
Star-ani<ic,    149 

powder,  yfi^ 
Starch.  161,  '642 

acorn,  767 

arrowroot,  785 

barley.  791 

bean.  789 

cacao.  767 

canna,  789 

cassava,  789 

commercial,   164,  783 

composition,   162 

corn,  643,  yfi? 

drugs  with,  698 

drugs  without,  699 

maranta,  785 

paste.  165 

pea.  789 

polarization  of,  165 

potato,  787 


Starch,  properties,  165 

reserve.  162 

rice,  7S& 

sago.  789 

soluble,  164 

structure,  162 

sweet-potato,  789 

wheat.  643.  jS& 

yam.  789 
Stavesacre.  427 

powder,  731 
Stegmatic  cells,  756 
Stcllera,  537 
Stem  branches,  100 

monocotyledonous, 
206 

structure,  203 
Stems.size  and  form,io4 
Stephania.  462 
Sterculia.  S33^  652 
Sterculiaceae.   332 
Stereocaulon,  691 
Stereome,  ififi 
Sterile  reagents,  801 
Stichwort,  268 
Sticta,  41 
Stigma,  123 

forms,  125 

structure,  214 
Stillingia,  462 

powder,  752 

sylvatica,  314 
Siilophora,  16 
Stimuli,    chemical,    4 
Stink-wood,  280 
Stipa,  230 
Stipe,  31 
Stipules,  106,  113 

modified,  113,  121 
St.  John's-wort  family, 

Stoma.    193 

Stomata,  193 
Stone   cells,    187 

cork,  104 
Stonecrop,    ditch,   285 

moss^.  285 

Virginia.  285 
Storax,  679 

American, 

family,  359 
Storesin.  &io 
Storesinol,  fJSo 
Stramonii   folia,  62a 
powder.  717 

semen,  624 
powder,  777 


Stramonium,    618,    622 

leaves,  61%  622.  726 
powder,    717 

purple,  624 

seed,  219 
Strawberries,  531 
Strawberry,   292 

leaves,  powder,  719 
Strigose,    210 
Strobile,  150 
Strophanthidin,  431 
Strophanthin,  431 
Strophanthus,  430 

powder,  763 

species,  3(53 
Strophiole,   155 
Structure,  plant,  2 

primary,  198 

secondary,  199,  200 
Struthiola,  537 
Strychnine,  437 
Strychnos  I^fiiatii,  437 

Nux-vomica,  362 

species,  362 
Style,  123 

forms,  125 

structure,  214 
Stylopborine,  mi 
Stylophonim,  262 
Stylosanthes,  413 
Styraceie,  359 
Styracin,  673.  680 
Styrax,  679 

Benzoin,  360 
Styrene,  680 
Styrocamphenc,    680 
Styrol,   680 
Styrone,  680 
Sub-classes,   224 
Succisa,  386 
Succulent,    1 12 
Sucrose,  168 
Sugar,  578,  58s 

apple,  277 

beet,  26s 

boxes,  313 

bush,  2S8 

cane,  227 

cane-,    168 

corns,  230 

fruit-,  288 

grape,  590 

sorghum,  ground.  790 
Sugars,  167 
Sulphur,  4 

lotum,  750 

pnecipitatnm,  750 
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iSumac  berries,  569 

family,  jtg 

gall?  on,  569 

leaves,  569 

poiwm,  319 

scarlet.  J3i 

tanner's.  ^ii8 
Sumttiil,  462 

oil  of.  55J 

powder.  76^ 
Sundew   family,  384 
Sundew  plants,  385 
Sunflower.  401 
Suppressed,  ijs 
Stiringi.   India,  3^ 
Snspcnsor,  78,  8S,  go 
Suture,  dorsal,  124 

ventral,  124 
Swcenia  Chiraia.  362 
Sweet  birch,  252 

orange  peel.  591 
powder,  741 

potaio,  366 

sap,  252 

scabious,  3g3 

VVilliam.  267 
Swietenia,  667 

^■Sylvacrol,  462 
^f  Symnielrical,  136 
Symphonia.   336 
Symphoricarpos,  385 

•  Sv-niphyluin.  367 
Synanthcrin.  1O7,  40-2 
Syncarpoiis.  123 
Synergids,    86 
Syngenesiouii,  129 


I 


^■Syphon,  12 


Syringa.  361 
Syringin,  361 
Syringnpicrin,  361 

tSyzygiiitn.  656 
Tabaciim,  375 
adulterants,  725 
powder,  725 
Tacamahac  balsams,  335 
(Kiplar,  250 
resins,  310,  311 
Tageics  flower,  390. 556 
Talauma,  275,  276 
Talcum,  796 
Tallow  tree,  436 
Tamaricacea,    338 
Tani.Triiid,  593.  594 
lamarindus.  593 
indica,  294 


Tamarix.  ^^Si 
Tanionea,  349 
Tamus.  240.  388 
Tanacetuni,  397 

powder,  730 
Tangkawang,  338 
Tannin,  174,  640 
Tannin- containing 
plants.  174,  232. 
230.   251.   2SJ.  264. 
28G.   2^1.   323,   334. 
339.   344.   345.   346, 
34».   349.   355.   359. 
455.   476.   516,   519, 
53".   5JG.    537.   542. 
549.   557.   569.  575. 
f.4&.  055.  666 
Tannoids.  174 
Tansy.  397 

powder,  730 
Tapctal  cells.  84 
Tapeium,  SL* 
Tapioca.  318,   789 
Tar.  6J7 

beech -wood,  678 

birch,   G79 

counwiition.  678 

juniper.  678 

Norway  tvpruce,  670 
Taraxaccriu,    459 
Taraxacin.  458 
Taraxacum,  185,  458 

flower.  390,  555 

otficjnale,  392 

powder.  779 
Tea,  334 

adulterants   717 

Appalachian.  323 

black.  334 

Brazilian,  322 

Cassine.   323 

■chests  34t 

family.  334 

ffreen,  334 

ijihraditr,   602 

mar^h.  602 

New  Jersey,  326 

Paraguay,  y22 
powder.  717 

powder,  717 

stihstitutcs,  331 
Teak  tree.  368 

wood,  368 
Teasel  family,  385 

Fuller's,  386 
Tectona,  jf^ 
Tcgmcn,  152 


Telegraph  plant,  1  [7 
Telcutospores,  36 
Temperature.  4 
Tentacles,  118 
Tepbrusia,  299,  610 
Terebmtliina,  675 

Canadensis.  681 
Terminalia.  06? 

species,  348 
Terra  .ilba,  797 
Testa.  152 
Tetradynamous,  129 
Telramclci,  341 
Tctrapanax^SO 
Tctrarin,  470 
Thnlirtnnn.  501 
Thallci'-Kiuin.  ^19 
Ihallophytcs,  8 

drug.  f)84 
Thalhis.  8 
Than,  667 

Thca  species,  334,  333 
Theaccx,  3^4 
Thebainc,  600 
Thcca.  14,   127 
The  inc.    435 
Thcloia.  413 
Thct)bronia  Cacao,  332 
Theobromine,  436 

methyl.  435 
Theophylline,  335 
Thistle,  400 
Thlaspi,  283 
Thorns,  103 
Thuja.  683 
Thujin,  6R4 
Thujone,  (S84 
Thyllen,  446 
Thyme,  garden,  370 
Thymelara,  343,  5.17 
Thymclieaeear.   343 
Thymol,  .J54.  371 
Thymorinmnne.  371 
Thvmus  vulgaris.  370 
Tiarclla.    286 
Tibouchina.  349 
Tilia,  321^.  .129 
Tiliacesc.   328 
Tillandsia.  235 
Timlrer-yiclding  plants, 
233,   250.   251.   252. 
254,  258.  274.  -277. 
287.   .101.   313.    3t9. 
323.    334.    334.    350. 
Tincture   of  kramerla. 

Tinea,  420 
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Tinospora,  460 

Tissue,    laticiferous, 

195 

1  obacco,  375 

adulterants,  725 

Australian,   620 

camphor,    375 

curing,    375 

Indian.  388,  634 

powder,  725 

wild,  388 
Tococa,  349 
Toddalia,  501,  571 
Toddy,  337 
Tolu  balsam.  298 
Toluifera,  587 

Balsamum,  297 

Pereirae,    298 
Tolu-rcsinotannol,    298 
Tolyposporium,  36 
Tomato,  376 
Tomentose,    210 
Tonka,   589 

powder,  763 
Tooth   powder,    16 
Tormentilla,  292 
Torus,    122 

forms,  132 
Tous  Ics  mois, 

244.    789 
Toxicodendrol,  319,  328 
Toxins,  44 
Trachex,  186,  190,  446 

forms,  190 
Tracheids.  187,  191 
Trachylohium,  299 
Tradescantia,  185,  235 
Tragacanth,  310,  650 

powder,  793 
Tragacanth-Iikc  gums, 

342 
Tragacantha,   650 

powder.  793 
Traganthin,    652 
Tragapogon.   300,   552 
Transpiration,    109 
Trapa.  350 
Trapace.T,  350 
Tree  of  relationship,  80 
Trees,  deciduous.  408 

evergreen.  408 
Trehalose,  168 
Triassic  period,  72 
Trichnnies,  192 
Trifolinm.  301 
Trigonclla    Frcnum- 

grsecum,  744 


Trigonelline,  744 
Trilisa,    590 
Trimethylamine,  583 
Trimorphic,  142 
Triosteum,  384,  385 

powder,  736 
Triticin,  492 
Triticum,  227,  490 

powder,  779,  796 
Tropaeolaccx,  302 
Tropaeolum,   302 
Tropic,  117 
Truffles,  34 
Trumpet   creeper,   377 
Truncate,  112 
TruxilHne.  605,  607 
Trypeta,  420,  551 
Tsuga,  81 

Tube  of  corolla,  130 
Tuberaceae,  34 
Tubercles,  97 
Tubers,   105 
Tubular  flowers,  391 
Tubuliflorae,  365,  391 
Tuckahoe,  34 
Tulepo,  259 
Tulip  tree,  274 
Turgescent.  194 
Turmeric,  244 

powder.  734 
Turraerol,  244 
Turnera,  340 
Turneraceae,    340 
Turnip,  283 

Indian,  234 
Turpentine,    675 

Bordeaux,  694 

Canada,  81,  681 

Chios,  646 

Strasburg,  8r.  681 

varieties,  667 

Venice,    81,    682 
Tnrpeth  root,  453 
Tiirpethin,  453 
Turtle-head,  376 
Tussilago.  400 

flower,  390,  S5S 
Twiners,  loi.  103 
Twining  plants,  409 
Tyloses,  446 

1*1  ex.  300 
Ulmaccse,  254 
Ulinus,  544 

fulva,  254 

mucilage,  176 

powder,  760 


Ulmus   species,  254, 

544 

substitute,  333 
Ulothrix    zonata,  6 
Umbel,  138 

compound,    138 
Umbellales,  350 
Umbelliferae,  352 
Umbelliflorae,  350 
Umbrella  tree,  275 
Unpuis,   130 
Unmucleate,  12 
Unisexual,   136 
Unona,   277 

stamen,  127 
Upas-tree,  124,  256 
Uragoga  Ipecacuanha, 

379 
Urari  poison.  256 
Urceola,  668 
Urceolate,  131 
Uredinese,  34 
Uredospores,  38 
Urena,  331 
Urginea   Scilla,  238 
Ursone,  601 
Urtica.  257,  258 
Urticaceae.  257 
Urticales,  254 
Usnea,  40,  690 
Ustilagineae.  34 
Ustilago.  692,  779 

Maydis,  35 

secies,  36 
Utricle.  150 
Uva  Ursi,  60T 

powder,  724 

Vaccinium,  6ot 

species,  357 
Vagnera,  iio 
Valerian,  504 

adulterants,    505 

family,  385 

garden,  385 

oil,   554 

powder,  765 

varieties,  505 

wild,  38s 
Valeriana,  504 

officinalis,  385 

species.  504.  505 
Valerianacese,  385 
Valerianella.  385 
Valerianine.  505 
Vallea,  328 
Valvate,  132 
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Valves  of  diatoms,  14 
Vanilla,  585 

Bourbon,  587 

Carolina,  590 

grass,  230 

Mauritius,  588 

Mexican,  587 

planifolia,  245 

pompona,  589 

powder,  774 

Tahiti,  588 
Vanillin, 

587.  672,  673.  680 

plants  yielding,  587 
Vanillons,  589 
Varicose,  210 
Varnish  tree,  319 
Vascular  system  in 

Pteridophytes,  56 
Vasicin,  378 
Vateria,  338 
Vatica,  ^38 
Vauchena,  11,  16 
Vegetables,  garden,  265, 
331.   354,   366,   375. 
388 
Vegetation,  point  of,i97 
Vegetative  multiplica- 
tion,  5 
Venter  in  ferns,  58 
Venus's  flytrap,  285 
Venus-hair  fern,  58 
Veratalbine,  495 
Veratramarin,  494 
Veratridine,  495 
Veratrine,  495 
Vera troi dine,   495 
Veratrum,  4p2 

album,  236.  737 

powder,  736 

species,  495 

viride,  235,  737 
Verhascum.  376,  635 

Phlomoides, 
powder,  727 
Verbena  species,  368 
Verbenaceae,  368 
Vernation,  121 
Veronica.  376 
Versatile,  127 
Verticillaster,  138 
Vervain,  368 
Vetiver.  230 
Viburnin,  527 
Viburnum.  774 

opulus,    532 
powder,  775 


Viburnum 

prunifolium,  525 
powder.  774 

species,  382,  383 
Victoria,  268 
Villosin,  531 
Vinca,  364 
Viola  odorata,  472 

species,  339 

tricolor,  212 
Violacete,  339 
Violet,  English,  339 

family,  339 

leaf  development,  107 

sweet,  339 
Viscin,  259,  285 
Viscum,  259 
Vismia,  335,  336,  649 
Vitacese,  327 
Vitellaria,  358 
Vitis,  446,  590 

species,  327,  328 
Viviania,  610 
Volva,  31 

Vouacapoua    Araroba, 
780 

Wahoo,  323 
Wa-i-mas,  495 
Wail,  cell,  181 

kinds,  182 

markings,    183 

thickening,    183 
Walnut,  black,  251 

English,  251 

shells,  756 

white,  251 
Walthcria,  333 
Wandering  Jew,  235 
Washingtonia,  354 
Water  lerns,  63 

hamamelis.   527 

hyacinth,  121 

in  plants,  407 

lily  stamens,  127 

-pores.  193,  194 

sulphur,  44 
Waterleaf  family, 

367 
Wattle  barks.  667 
Wax.  Carnauba,  232 
Weed,  gulf,  13 
Wheat,   227 

bran,  790 

flour.  790 

middlings,  790.  796 

starch,  643,  7^ 

54 


White  mustard, 

^       ground,  742 

powder,  741 

oak,  253,  541 

powder,  776 

Whitish  powders, 

key,  712 
Whortleberries,  357 
Wiesner's  reagent,  800 
Wild  black  cherry 
bark,    537 
powder,   759 
ginger.   120 
Willow  herb,  349 

leaves,  powder.  719 
leaves,  powder.  719 
Wine,  blackberry,  531 

wild  cherry,  539 
Wines,  327 
Wings,  248 
Winterana,   339 
Winteranaceae,  339 
Winterpreen,  357 
Wintenn,  275 
Winter's  bark,  275 

false,  339 
Wistaria,  300 

leaves,   powder,  719 
Wistarin,    300 
Witchhazel  bark,  526, 

527 

family,  286 

leaves,  610 
Wood,  203 

bar-.  547 

Brazil,  547 

drugs,  513 

false  sandal,  547 

fibers.  188 

heart-,  512 

oil.  357 

quassia,   544 

red,  303.  547 

sandal,  547 

sap-,  512 

Sappam,  547 
Woodfordia  species,  344 
Wood-sorrel,   30T 
Wool,  330 
Wormseed,  264 

Levant,    550 

Spanish,  264 
Wormwood,  396 
Wormy  drugs.  420 
Xanthaline,  660 
Xanthine,  dimethyl,  436 

trimethyl,    435 
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